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Abstract
The goal of this dissertation is to investigate the impact of presentation formats on
nonprofessional investors’ impressions of firm performance in the context of digital annual
reports. The dissertation implements a three-essay approach.
Essay 1 examines whether the effect of positive/negative financial performance news on
nonprofessional investors’ impressions of management and firm performance depends on
whether the graphical display of that news is vivid or pallid. Conducting a 2 x 2 betweenparticipants experiment with 470 participants from Amazon Mechanical Turk (M-Turk), I find
that when the news is positive, presenting graphs vividly allows nonprofessional investors to
have a more positive impression of management and firm performance. In contrast, when the
news is negative, presenting graphs vividly has little effect on nonprofessional investors’
impressions. The essay informs regulators and practice by demonstrating that vivid graphical
website disclosures can significantly affect the behavior of nonprofessional investors when the
financial performance news is positive, but the effect is minimal when the news is negative. The
essay also contributes to the financial disclosure literature by demonstrating the impact of
graphical vividness in presenting financial performance information.
Essay 2 conducts a 2 x 2 between-participants experiment with 565 participants from MTurk. I investigate whether varying the user interactivity and graphical vividness of the
presentation of non-financial good news counteracts bad news presented in the audited financial
data. I find a positive effect of user interactivity when the graphical presentation of non-financial
vi

information is vivid but not when it is pallid. In mediation analyses, I find unexpected results in
that user engagement negatively mediates the effects of user interactivity on nonprofessional
investors’ perceptions of firm performance and investment-related judgments and decisions.
Subsequent analyses indicate that user interactivity alone reduces nonprofessional investors’
satisfaction with digital annual reports, but the joint effect of user interactivity and graphical
vividness overcomes this negative effect. These results have implications for designers of digital
annual reports, investor groups consuming this information, and regulators concerned about the
need for assurance on the (unregulated) non-financial disclosures in annual reports.
Essay 3 studies whether using hyperlinks that connect summarized financial graphs with
detailed financial statement information reduces the effect of graphical distortions on
nonprofessional investors’ perceptions of firm performance. Using 385 participants from MTurk, I find that while distorted graphs do bias nonprofessional investors’ perceptions of firm
performance, the provision and use of hyperlinks to the underlying source information eliminate
those effects (i.e., debias). Using the dual-process theory of cognitive processing (Kahneman and
Frederick 2002; Evans 2006, 2008), I find that hyperlinks enhance the overriding effect of
System 2 processing (i.e., analytical processing) on System 1 processing (i.e., intuitive
processing) and indirectly reduce the decision-biasing effect of distorted graphs on
nonprofessional investors’ perceptions. The study contributes to standard setting as well as
financial reporting practice by providing empirical evidence that the SEC’s policy guidance on
implementing hyperlinks has benefits to nonprofessional investors. Second, it contributes to both
the literature on distorted graphs and hyperlinks by suggesting hyperlinking to source data as a
technique to mitigate the effects of graphical distortions.

vii

The findings of the three essays have implications for the designers of digital annual
reports, investor groups consuming this information, and regulators concerned about the need to
standardize the presentation formats in digital annual reports and potentially require auditor
oversight of graphical displays of both financial and non-financial data in these reports.
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Chapter 1.

Dissertation Overview

1.1 Motivation
The overarching goal of this dissertation is to investigate the effects of presentation
formats on nonprofessional investors’ impressions of firm performance on the digital annual
reporting platform. The motivation for the research in the three related essays is rooted in the
SEC’s guidance on website disclosures (SEC 2008). After the release of the SEC guidance, an
increasing number of companies are expending resources on designing their investor relations
websites. In the past five years, several companies (e.g., Walmart, GE, Target, Home Depot, and
CVS) have started presenting customized digital annual reports in addition to the traditional PDF
reports. Those digital annual reports can be highly customized with colorful cartoon graphs and
interactive menus. Given that the SEC does not prescribe standardized presentation formats on
the digital annual report platform, a wide variety of presentation styles exist even for companies
in the same industry (e.g., Walmart versus Target and Home Depot versus Lowe’s). However,
there is little prior research investigating whether alternative presentation formats of financial
and non-financial data in digital annual reports impact nonprofessional investors’ investmentrelated judgments and decisions. Thus, the objective of my three-essay dissertation is to
investigate impression management issues on digital annual reports caused by the variety of
presentation formats for both financial and non-financial data.
1.2 Overview of the Three Essays
Figure 1.1 shows the dissertation framework and the relationships among the three
essays. The SEC (2008) guidance on website reports drives the policy-level motivations of the
1

dissertation and creates the research context of the three essays: digital annual reports. The
dissertation examines the effects of four independent constructs: news valence, graphical
vividness, interactivity or navigability, and graphical representation. The graphical vividness
construct is investigated in both essay 1 and 2, and the interactivity or navigability construct is
investigated in both essay 2 and 3. Essays 1 and 3 are concerned with the effects of presentation
formats in digital annual reports for financial data only, while essay 2 investigates the effects of
alternative presentations of non-financial data.
The operationalizations of the constructs distinguish each essay with unique independent
manipulated factors. Essay 1 studies the differential effects of positive and negative financial
performance news by varying the levels of graphical vividness. Essay 2 studies a special
situation where financial news is negative but non-financial news is positive. The essay focuses
on whether increasing user interactivity or graphical vividness of the non-financial data graphs
counteracts the effects of financial news. Essay 3 operationalizes the interactivity or navigability
construct by manipulating the presence or absence of hyperlinks that connect summarized
financial performance graphs with the respective detailed (source) financial statement
information. The study examines whether the effect of graphical distortion is reduced when such
hyperlinks are provided to nonprofessional investors.
Each dissertation essay has its own theory to help explaining the effects of the
independent constructs. Essay 1 applies the sensory effects of vividness from the marketing
literature (Nisbett and Ross 1980) to explain the main effect of graphical vividness. Following
the theoretical guidance from Baumeister et al. (2001), the essay also predicts that the effect of
graphical vividness is stronger for positive news than negative news. Essay 2 applies the theory
of user engagement, which is a sub theory of virtual reality (Steuer 1992). The theory predicts
2

that user engagement is the mediator of the impacts from vividness and interactivity to
individuals’ judgments and decisions. Essay 3 applies the dual-process theory of cognitive
processing that measures individuals’ thought processes as intuitive (i.e., System 1) or analytical
(i.e., System 2) (Kahneman and Frederick 2002; Evans 2006, 2008). The essay predicts that
accessing hyperlinks induces System 2 processing to override System 1 processing and
eventually attenuates the decision-biasing effect of graphical distortions.
The three essays examine the same research issue: impression management in the context
of digital annual reports, and nonprofessional investors’ perceptions of firm performance is the
common dependent construct of interest.
Policy-level Motivation:
SEC (2008) Guidance
on Website Disclosures

Independent
Constructs

News Valence

Operationali
zations

Positive or
Negative News

Theories

Dependent
Construct

Graphical
Vividness

Vivid or Pallid
Financial Graphs

Interactivity or
Navigability

Vividness of
Non-financial
Data

Interactive
Menu

User
Engagement

Sensory
Effects

Nonprofessional Investors Perceptions of Firm
Performance

Research Issue:
Impression Management
in the Context of Digital
Annual Reports

Figure 1. 1 Overview of the Dissertation Framework
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Graphical
Representation

Hyperlinks on
Graphs and
Financial Statements

Dual-Process
Theory

Graphical
Distortion

The remainder of the dissertation is organized as follows. Chapter 2, 3, and 4 contain the
three essays, Essay 1, Essay 2, and Essay 3, respectively. Each essay is written as a stand along
paper, thus the three essays can be read in any order. Chapter 5 recaps the major findings in the
three essays, proposes future research questions, and concludes the dissertation.
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Chapter 2.

Essay 1: Are Investors Swayed by Vivid Graphical Presentations of Positive
and Negative News in Digital Annual Reports?

2.1 Introduction
Almost a decade ago, in the February 2008 Progress Report, the SEC provided detailed
guidance on how firms can utilize websites as a disclosure channel to strengthen investor
relations (SEC 2008). Within the guidance, the SEC suggested that firms present summarized
financial performance information on digital annual reports. To assist firms in understanding the
nature of such website presentations, the SEC described summarized financial performance
information as “graphs and charts illustrating key performance metrics derived from financial
statements contained in later pages of the same document” (SEC 2008). Following the SEC’s
guidance, around the year 2012, firms (e.g., GE and Walmart) started providing digital annual
reports on their websites with graphical presentations of summarized financial performance
information. This trend has grown in the past five years, and the majority of public firms have
added digital annual reports to their investor relations websites (Debreceny 2015).
The SEC’s idea of proposing digital annual reports with graphics and charts has its roots
in the accounting literature on visualizations. Evolving from the traditional visualization research
on comparing tables versus charts, current studies in this area focus on investigating the impact
of visualization richness. In general, there have been mixed findings on the benefits and costs of
visualization richness. Clements and Wolfe (2000) find that video presentations of financial
information stimulate nonprofessional investors’ emotions and increase their perceptions of
personal opportunities with the firm. In contrast, Wheeler and Arunachalam (2009) find that
5

visualization richness has a negative consequence to information receivers’ understanding of the
task. Several moderators such as task type (Huang and Windsor 1998) and the presence or
absence of a user interactivity feature (Tang et al. 2014) are also examined in the literature to
explain the inconsistent findings.
Within the domain of visualizations, graphical vividness is one of the most important
factors. Generally, graphical vividness enhances the persuasiveness of the message (Nisbett and
Ross 1980). However, there is a boundary condition in that the effectiveness of graphical
vividness depends on the congruency between the graphical design and the requirements of the
cognitive task (Smith and Shaffer 2000). The accounting literature on schematic faces (Chernoff
1973)1 demonstrates the existence of this boundary condition. Schematic faces are more effective
than tabular presentations on comparative tasks such as ratio analyses because comparisons
among facial components reflect changes of accounting ratios (Moriarity 1979). However,
tabular presentations outperform schematic faces in selective tasks which require processing
information in individual sections (Amer 1991). Since reviewing summarized financial
performance information is a task that requires selective processing rather than integrative
processing, schematic faces are rarely found in firms’ digital annual reports.
The most popular method of presenting vivid graphs of summarized financial information
on the digital annual report platform is using infographics,2 which essentially replace the “bars”
in bar charts with icons or cartoon pictures that resemble the core information content.3

1

See Figure 2. 1 for an example of a schematic face that presents information for ratio analyses (Amer 1991).

“Infographics represent data and ideas visually, in pictures, engaging more parts of the brain to look at a problem
from more than one angle” (Krauss 2012, p. 10). A typical example of infographics is the combination of graphs and
explanations in an encyclopedia which explains concepts through an intuitive manner.
2

3

For example, a bar chart of annual household income can be transformed into an infographic by replacing bars
with house-shaped icons attached by dollar bill icons. The concept of household income is vividly represented

6

Interestingly, even for two competing firms in the same industry, one firm can choose to present
graphs in a pallid manner (e.g., traditional bar charts), whereas another firm can be creative and
present graphs vividly (e.g., colorful infographics).4 Although the underlying data are identical,
the behavioral impacts of the two types of presentations are fundamentally different as vivid
presentations transfer sensory effects in addition to the valence of the information (Nisbett and
Ross 1980). Prior accounting research finds several ways that managers change graphical
designs such as stretching the scales, selectively presenting favorable information, or varying the
level of visualization richness (Dilla, Janvrin, and Raschke 2010; Lurie and Mason 2007; Beattie
and Jones 2000; Beattie and Jones 2008; Tang et al. 2014). I expect that manipulating the level
of graphical vividness has a similar behavioral effect on nonprofessional investors.
The sensory effect of graphical vividness attracts message receivers’ attention and can
positively impact individuals’ attitudes, judgments, and decision preferences (Nisbett and Ross
1980). Prior marketing and psychology research has found evidence of this sensory effect on
food taste perceptions, attitudes on websites, and product preferences (Blondé and Girandola
2016; Elder and Krishna 2010; Coyle and Thorson 2001; Petrova and Cialdini 2005). Applying
the sensory effect of graphical vividness to the digital annual report platform, the outcomes of
implementing vivid graphs are manifested through nonprofessional investors’ impressions of a
firm’s management and financial performance.
The sensory effect of graphical vividness has an interaction effect with news valence.
Multiple theories predict that negative news generally has a stronger impact than positive news

through the dollar bill symbol and the shape of the house. The heights of the icons indicate the amount of annual
household income, which is equivalent to the heights of bars on bar charts.
4

See Figure 2. 2 for examples of pairs of firms in the same industry that present financial performance results at
different levels of graphical vividness. I discuss Figure 2. 2 in more detail in the next section of the paper.
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(Baumeister et al. 2001), and the negativity dominance principle predicts that when negative and
positive cues are presented together, negative cues have greater decision weights than positive
cues (Rozin and Royzman 2001). In my setting, the sensory effect of graphical vividness adds to
the valence effect of positive financial performance news, but it is likely crowded out when the
news is negative. As a result, I expect that the sensory effect of graphical vividness is stronger
for positively valenced news than negatively valenced news. 5 Therefore, the key research
question of this essay is: How does the degree of graphical vividness in a digital annual report
influence nonprofessional investors’ impressions of management and firm performance when the
financial news is either positive or negative?
To examine the research question, I employ a 2 x 2 between-participants design using
470 Amazon Mechanical Turk (hereafter: M-Turk) workers. News valence and graphical
vividness are varied for the case company’s summarized financial performance results: News
valence is operationalized as positive or negative by changing the current year’s financial
performance results to be 25 percent higher or lower than the average of the previous four years
(Rennekamp 2012). Graphical vividness is operationalized as either pallid or vivid by providing
a grayscale bar chart presentation (pallid) or presenting the same data using colorful infographics
(vivid). The task requires participants to indicate their impressions of firm management and their
perceptions of the firm’s current financial performance news. Additionally, participants evaluate
the firm’s future earnings growth potential, and determine the likelihood of investing in the
firm’s stock or recommending the stock to a friend.

Following Rennekamp (2012), prior years’ financial performance results serve as the benchmark to determine the
valence of current year’s news. Thus, the valence of the news is defined as whether the firm’s financial performance
for the current year is better (positively valenced) or worse (negatively valenced) than that of the prior years.
5

8

The results reveal an interaction between the sensory effect of graphical vividness and the
valence effect of financial performance news. I find that when the valence of the news is
positive, participants who received vivid graphs had a more favorable impression of firm’s
management than those who received pallid graphs; in contrast, the sensory effect of graphical
vividness is muted when the news is negative. In subsequent mediation analyses, I find
moderated mediation effects where news valence is the moderator of graphical vividness. When
the news is positive, participants’ impressions of management positively mediate the effect of
graphical vividness on participants’ perceptions of firm performance, which, in turn, positively
impact investment-related judgments and decisions. However, such mediation effects are absent
when financial performance news is negative.
This essay contributes to the literature on financial disclosures. First, the essay provides
initial empirical evidence regarding the effects of graphical vividness in the context of digital
annual reports. The context of this essay paves the way for researchers to examine a wide variety
of disclosure formats such as innovative charts and multimedia technologies. Second, the
operationalization of vivid graphs as infographics provides an alternative approach of examining
graphical vividness in the accounting literature. The design of infographics is as simple as
stacking colorful representational icons to bar charts, and it has practical applications as
companies implement infographics on digital annual reports. Third, the essay also contributes to
the literature on graphical vividness and its applications in the accounting domain. The essay
introduces the sensory effect of graphical vividness to the accounting literature and examines its
interaction effect with news valence.
The findings of the essay can also inform users, designers of digital annual reports, and
regulators concerned about the large variations in presentation formats for financial results. The
9

essay alerts users of digital annual reports that they may perceive positive financial performance
even more favorably due to designers’ innovative choices on graphical presentations. In contrast,
the designers of those reports should be aware that presenting graphs vividly has little effect on
softening negative financial performance news. For regulators, given that the degree of graphical
vividness impacts nonprofessional investors’ impressions of firm performance even with the
same underlying financial numbers, standard setters may consider monitoring or even limiting
the types of graphical presentations on digital annual reports to protect investors. The findings of
the essay should also be informative to standard setters for future updates on the SEC’s (2008)
guidance on website disclosures.
The remainder of the essay is organized as follows. The following section provides a
review of the literature, summarizes the theories used in this essay, and discusses the hypotheses
development. Section 3 discusses the participants and experimental design. Section 4 presents
the results, and Section 5 provides summary remarks and discusses the implications of this essay
for academics, practice, and regulators.
2.2 Background and Hypotheses
2.2.1 Literature on Visualization in Financial Reporting
Visualization is defined as “the selection, transformation, and presentation of data in a
visual form that facilitates exploring and understanding” (Lurie and Mason 2007, 161). In the
financial reporting context, the digital annual report on firms’ investor relations website uses
visualizations such as charts or graphics to facilitate investors’ information processing. In the
US, nearly all publicly held firms use the digital annual report platform to present financial
performance information (Debreceny 2015). From the regulator’s viewpoint, the SEC

10

encourages companies to use graphs and charts to present summaries or overviews of
performance information with an intention to reduce investors’ confusion (SEC 2008).
Prior accounting literature on visualizations has evolved from comparisons between
graphs and tables in the early periods to examinations on the richness of visualizations in a
multimedia setting. Intuitively, higher visualization richness should result in higher effectiveness
in information processing, but mixed findings exist in the literature. Clements and Wolfe (2000)
compare a video financial report with a paper financial report on nonprofessional investors’
perceptions of personal (i.e., career and investment) opportunities with the firm and firm quality.
The study finds that video presentations enhance the richness of visualization and elicit
emotional processing which increase nonprofessional investors’ perceptions of personal
opportunities with the firm. In contrast, information recall is stronger for nonprofessional
investors using a paper financial report versus those using a video financial report because a
paper financial report triggers analytical processing to a greater extent than a video financial
report. Using similar manipulations as in Clements and Wolfe (2000), Wheeler and Arunachalam
(2009) find that increasing visualization richness through multimedia presentations (e.g., present
both video and text) have an unintended consequence which reduces users’ comprehension of
task information. The effectiveness of visualization richness also depends on the type of task and
other presentation techniques such as user interactivity. Huang and Windsor (1998) explain the
negative consequences of media richness through analyzing participants’ textual feedback on the
task. They find that when presenting information for analytical tasks, animation and sound are
distractors that increase decision makers’ cognitive load. Tang et al. (2014) manipulate high
visualization richness as presenting the income statement data on both graphs and text and low
visualization richness as a text-only presentation. They find that increasing the visualization
11

richness alone reduces nonprofessional investors’ calibration but increases their confidence.
Interestingly, allowing nonprofessional investors to interact with the visually-rich presentations
through drilldown functions increases decision accuracy, confidence, and calibration.
2.2.2 Literature on Graphical Vividness
As one of the sub-domains of visualization richness, in the virtual reality literature
graphical vividness (i.e., visual vividness) is defined as “the representational richness of a
mediated environment as defined by its formal features, that is, the way in which an environment
presents information to the senses.” (Steuer 1992, p. 11). The effect of graphical vividness will
further affect users’ perceptions of information and judgments and decisions, and the
persuasiveness of the presented information is positively related to its vividness (Nisbett and
Ross 1980). However, vividness congruency, the degree of match between the vivid
presentations and the information itself, plays a key role that determines the effectiveness of
vivid presentations (Smith and Shaffer 2000).
In the accounting literature, studies on graphical vividness focus on the use of schematic
faces as a form of external problem representation to integrate multidimensional financial data
into a single graph (Kelton, Pennington, and Tuttle 2010). The schematic faces display method is
proposed by Chernoff (1973) as a cartoon drawing of a face to describe multivariate financial
data by manipulating the shape, size, and layout of the facial components (See Figure 2. 1).
Theoretically, when unfamiliar multivariate data is presented in schematic faces versus in tables,
users should recognize the meaning of the data quicker because humans are familiar with using
facial recognition to process information as one of the important non-verbal cues (Hatfield,
Cacioppo, and Rapson 1993). However, prior accounting literature finds inconsistent results on
whether using schematic faces enhances or reduces problem-solving effectiveness. Moriarity
12

(1979) finds that in a ratio-analysis task, providing participants with schematic faces showing the
effect of multiple ratios along with a narrative explanation, nonprofessional investors were more
accurate and performed the task more rapidly than those provided ratios in a tabular format. In
contrast, Amer (1991) finds that task type is a moderator of whether schematic faces
presentations are superior to tabular presentations. The study did not find that schematic faces
are superior to tables when the task is an integrative task where multiple cues must be combined
and processed together to make decisions; but the study did find that tables outperform schematic
faces in a selective task where multiple cues are processed individually.

Figure 2. 1 An Example of Schematic Face for Ratio Analyses (Amer 1991, Figure 1)

The vividness congruency effect (Smith and Shaffer 2000) reconciles the inconsistent
findings in the accounting literature on schematic faces. It predicts that imagery congruency, the
relevance of image content and message content, is the moderator of the effectiveness of vivid
graphs. Therefore, schematic faces are effective in a ratio-analysis task because the ratios
produced by comparing facial components have incremental meaning when processed
collectively. Whereas, those faces are not effective in a selective task because facial components
do not carry sufficient incremental meaning when they are processed individually. In practice,
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schematic faces are not widely used to present summarized financial information on firms’
digital annual reports because this task requires selective processing (e.g., process the
information from each graph one at a time) but little integrative processing (e.g., process the
information from all graphs at once).6
2.2.3 Theoretical Development and Predictions
On the digital annual report platform, the most popular type of vivid graphs is
infographics, which uses animated pictures to replace the bars on bar charts. Since the SEC
allows companies to choose the types of graphs for digital annual reports, investors see a
significant variation of graphical presentations even for competitors in the same industry. Within
the retail industry, Target uses traditional bar charts to present key performance information, but
Walmart presents similar performance information using infographics with icons such as
shopping carts and cash bills (See Panel A of Figure 2. 2). Another example from the retail
industry is the contrasts between Lowe’s and Home Depot in the home improvement sector.
Lowe’s uses static PDF document for its digital annual report and presents net sales information
on bar charts, whereas Home Depot presents the same income statement line item on an
animated infographic that describes the growth of a plant (See Panel B of Figure 2. 2). The third
example comes from the health care industry where CVS uses infographics to present specialty
drug revenue, and the heights of hypodermic needles represent the dollar amount; in contrast,
Walgreens only presents respective information in text without any graphical presentations (See
Panel C of Figure 2. 2).

6

Although schematic faces are examined in academic research, based on my search of graphical presentations in
Fortune 100 companies’ digital annual reports in 2016, there is no company uses schematic faces to present financial
performance data.
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Panel A: Retail Stores
Target

Walmart

Panel B: Retail – Home Improvements
Lowe’s
Home Depot

Panel C: Health Care
Walgreen

CVS

Figure 2. 2 Examples of Pallid and Vivid Presentations of Firms in the Same Industry
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Based on a preliminary search on the trending of graphical presentations of Fortune 100
companies, from 2012, almost half of those companies provide digital annual reports with
graphical performance results. The top industries where infographics are widely used are retail
and health care, and infographics are used to depict both positive and negative performance
outcomes. In contrast, the accounting literature has little evidence on the effectiveness of vivid or
pallid graphical presentations or the potential moderating effect of news valence on graphical
vividness. Therefore, I next turn to the key research question of this essay: How will
nonprofessional investors’ impressions of management and firm performance be affected by
graphical vividness when the financial news is either positive or negative?
The accounting literature has consistently documented that managers are motivated to
modify visualizations to impact investors’ impressions of firm performance (Dilla et al. 2010).
Beattie and Jones (2000) conduct a time-series analysis using the annual reports data of 137 UK
companies to investigate whether managers have reporting bias on when to present key financial
indicators graphically. They find that managers present income and EPS numbers graphically
when the results are favorable, but such graphical presentations are omitted when the results are
unfavorable. If managers have to report unfavorable news graphically, they can still manage
investors’ impressions through presenting misleadingly designed graphs such as those with
partially displayed scales (Beattie and Jones 2008). If neither selective presentation nor
misleadingly designed graphs are viable options for managers, they may consider presenting
graphs vividly to attract investors’ attention and expect investors to have positive impressions of
management and firm performance.
“Information may be described as vivid, that is, as likely to attract and hold our attention
and to excite the imagination to the extent that it is (a) emotionally interesting, (b) concrete and
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imagery-provoking, and (c) proximate in a sensory, temporal, or spatial way” (Nisbett and Ross
1980, 45). In addition to the effect of information valence which is present in both vivid and
pallid graphs, vivid graphs produce sensory effects through imagery illustrations and positively
impact individuals’ attitudes and preferences (Nisbett and Ross 1980). A meta-analysis of
graphical vividness finds that the enhanced sensory effect further positively influences attitudinal
judgments, persuasion outcomes, and consumer opinions and purchase behaviors (Blondé and
Girandola 2016). For example, the design of advertisement (ad) content for food products affects
individuals’ taste perceptions through visual sensory cognitions, and taste perceptions are
heightened for ads that incorporate multiple sensory cues (Elder and Krishna 2010). Research on
the persuasiveness of graphical vividness finds that higher graphical vividness leads to more
enduring attitudes toward the messages on marketing websites (Coyle and Thorson 2001).
Products depicted with a high graphical vividness increase individuals’ imagery appeals and lead
to stronger product preferences (Petrova and Cialdini 2005).
I posit that the sensory effect of graphical vividness is also effective on nonprofessional
investors when they view summarized financial performance information. In my setting, the
effects of graphical vividness on product-related attitudes are transformed to its effects on
nonprofessional investors’ impressions of management and firm performance. As a result,
because of the positive sensory effect of vivid presentations, nonprofessional investors should
have a more positive impression (when receiving positively valenced news) or a less negative
impression (when receiving negatively valenced news) of management and firm performance if
the graphical presentation is vivid rather than pallid. This prediction leads to the following
formal hypotheses:
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H1a: In the context of digital annual reports, nonprofessional investors’
impressions of management is more positive (or less negative) when the graphical
presentation is vivid than when it is pallid.
H1b: In the context of digital annual reports, nonprofessional investors’
perceptions of firm performance is more positive (or less negative) when the
graphical presentation is vivid than when it is pallid.
The digital annual report platform creates a unique situation where information valence
and graphical vividness coexist as two factors that depict financial performance results through
visualizations; the two factors are likely to have an interaction effect on investors’ judgments and
decisions. Multiple psychological theories (e.g., adaptation-level theory and prospect theory)
suggest that negatively valenced information has a stronger impact on individuals than positively
valenced information (Baumeister et al. 2001). Negative impressions and emotions are faster to
form and less likely to be affected by disconfirmation than positive ones. For example, Gaynor,
McDaniel, and Yohn (2011) examine a counterintuitive fair value decision context where
investors misinterpret fair value gains as good news and fair value losses as bad news. They find
that showing the correlation between credit risk indicators and income statement numbers is
more effective in correcting investors’ misinterpretations of fair value gains than fair value
losses. They demonstrate that it is more challenging to disconfirm a negative valenced news
versus a positive one.
From an impression management perspective, by presenting graphs vividly it is more
difficult to soften the effect of negative news than to strengthen the effect of positive news.
According to the negativity dominance principle, when both negative and positive cues are
presented together in a decision scenario, decision makers tend to overweight the importance of
negative cues (Rozin and Royzman 2001). As a result, the adverse effect of negative cues is
much greater than the favorable effect of positive cues. In the financial disclosures domain, prior
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research has demonstrated that investors pay extra attention to and are more skeptical of
information that is consistent with managements’ incentives such as information intended to
soften negative news (Mercer 2005). In my setting, when negative information is presented
vividly, investors may question the intention of firm management because the negative valence
effect conflicts with the positive sensory effect, and investors may discount the sensory effect of
graphical vividness. In contrast, nonprofessional investors are comfortable accepting positive
information presented in a vivid manner because of the consistent directions of valence and
sensory effects. Therefore, the sensory effect of graphical vividness is stronger when the
financial news is positive than when it is negative. Based on these predictions, the next set of
hypotheses follow:
H2a: In the context of digital annual reports, the effect of vivid over pallid
presentations on nonprofessional investors’ impressions of management is greater
when financial performance news is positive than when it is negative.
H2b: In the context of digital annual reports, the effect of vivid over pallid
presentations on nonprofessional investors’ perceptions of firm performance is
greater when financial performance news is positive than when it is negative.
2.3 Method
2.3.1 Participants
Participants in this study were 470 nonprofessional investors recruited from M-Turk.7
Following the guidance in Rennekamp (2012) on selecting qualified M-Turk workers for
nonprofessional investors, I include a total of 10 multiple choice questions on annual report

7

M-Turk provides appropriate participants for experimental research on the population of nonprofessional investors
(Rennekamp 2012). M-Turk workers are as motivated as student participants in tasks that involve costly judgments
and decisions, and they exert enough effort in research studies and provide honest demographic information (Farrell,
Grenier, and Leiby 2016)
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knowledge8 and financial literacy9 to prescreen the participants from M-Turk (see Appendix A
for the 10 questions). I deem participants with at least seven correct answers as possessing a
sufficient level of knowledge to process the annual report information in the experiment.10 MTurk participants who passed the qualification test and completed my study were paid $2.50. As
the study took participants on average 12 minutes and 10 seconds to finish the study, the
payment equates to an hourly payment rate of $12.33.
Of the participants, 58.3 percent were male and the average age was 37.71. On average,
participants had traded 17.93 times in the past two years in individual stocks or mutual funds;
participants had evaluated a company’s performance by analyzing its financial statements an
average of 14.80 times (including class projects). The average accounting-related work
experience was 22.38 months. Table 2. 1 presents participants’ demographics by conditions.
Sample statistics (untabulated) demonstrate no significant differences in participant
demographics across the four conditions, indicating that random assignment to experimental
conditions was effective.11

8

Available at: https://www.myaccountingcourse.com/financial-statements/multiple-choice.

9

Available at: https://www.mhfi.com/corporate-responsibility/global-financial-literacy-survey.

10

Standard and Poor and McGraw Hill indicate that three out of five correct answers in the financial literacy test
demonstrates a sufficient level of financial literacy (Klapper, Lusardi, and Van Oudheusden 2015). I then move the
standard slightly higher and require participants to have at least seven out of 10 correct answers to qualify as proxies
for nonprofessional investors.
11

A Chi-Square test on gender distribution demonstrates males and females are equally distributed among the four
conditions (χ2 = 2.973, df = 3, p = 0.396). One-way ANOVA test shows an insignificant group difference for age (F
= 0.159, p = 0.924). The One-way ANOVA analyses on investment-related experience measures show equal group
means for times in stock and mutual fund investments (F = 1.403, p = 0.241). Although times in evaluating financial
performance indicates a significant group difference (F = 3.402, p = 0.018), it is not a significant covariate in the
models of testing hypotheses (p > 0.05). The one-way ANOVA test on accounting-related work experience in
months shows no evidence of significant group differences (F = 0.319, p = 0.812).
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Table 2. 1
Participants’ Demographics by Conditions – Essay 1
Frequency or Mean (Standard Deviation)

Condition

Gender

Average
Age

Trade

Evaluate
Performance

Accounting Work
Experience

Negative
News/
Pallid

Male = 72
Female = 46

36.89
(11.37)

12.48
(30.47)

14.94
(37.48)

18.69
(59.69)

Negative
News/
Vivid

Male = 67
Female = 51

37.91
(11.98)

12.74
(50.25)

6.85
(13.89)

19.36
(57.78)

Positive
News/
Pallid

Male = 61
Female = 55

38.77
(39.47)

17.69
(66.91)

12.26
(26.59)

26.59
(116.60)

Positive
News/
Vivid

Male = 74
Female = 44

37.31
(12.04)

28.80
(107.99)

25.10
(76.15)

24.93
(51.30)

Trade = The number of times participants had traded in the past year in individual stocks or mutual funds.
Evaluate Performance = The number of times participants had evaluated a company’s performance (including
class projects) by analyzing its financial statements.
Accounting Work Experience = Participants’ accounting-related work experience in months.

2.3.2 Materials and Experimental Procedure
In order to test the hypotheses, I employ a 2 x 2 between-participants design. The first
factor, the valence of the current year’s financial performance, is manipulated at two levels: (1)
positive: current year’s financial performance indicators (namely: revenue, operating earnings,
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net earnings, and cash flows from operating activities) are 25 percent higher than the average of
the past four years and (2) negative: current year’s financial performance indicators are 25
percent lower than the average of the past four years (Rennekamp 2012). The second factor, the
vividness of the graphical presentation, is manipulated at two levels: colorful infographics
(vivid) and grayscale bar charts (pallid).
In the experiment, participants first answered demographics questions and a survey about
their initial preferences relating to intuitive and analytical processes (Hamilton, Shih, and
Mohammed 2016). Next, participants were provided background information about a
hypothetical company called Lansera. Then, participants were directed to the company’s
financial performance section in the digital annual report, with manipulations. Participants were
assigned to one of the four experimental conditions on the presentation of financial performance
information: (1) infographics with positive current year performance (vivid / positive), (2)
infographics with negative current year performance (vivid / negative), (3) bar charts with
positive current year performance (pallid / positive), and (4) bar charts with negative current year
performance (pallid / negative). The financial performance section presented the results of
revenue, operating earnings, net earnings, and cash flows from operating activities from fiscal
year 2012 to 2016. The manipulation of infographics added stacked symbols to the bars on bar
charts: a shopping cart represented revenue; a cashier machine represented operating earnings;
dollar bills in a wallet represented net earnings; and a dollar bill represented cash flows from
operating activities.
On the next page, participants indicated their perceptions of the news on an 11-point
Likert scale ranging from - 5 to 5 (Kelton and Murthy 2016), and expectations of future earnings
performance on an 11-point Likert scale ranging from 0 to 10 (Tan et al. 2014). Participants also
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indicated their likelihood of investing in the company’s stock and recommending the stock to a
friend on two 101-point Likert scales ranging from 0 to 100 (Rennekamp 2012). Participants
then commented on the graphical design of the financial data graphs in the case company by
typing into a text entry box. Next, participants answered two manipulation check questions tied
to the two experimental factors, and each question is measured by an 11-point Likert scale
ranging from 0 (“not at all favorable/vivid”) to 10 (“extremely favorable/vivid”). On the next
page, participants finished a survey with regarding their cognitive processing style when viewing
the financial performance graphs. Finally, participants indicated their impressions of Lansera’s
management on a questionnaire. The full experimental instrument is included in Appendix B.
2.3.3 Dependent Variables, Mediators, and Covariates
The two main dependent variables in this study are participants’ (1) impressions of
Lansera’s management (hereafter: Impression) and (2) perceptions of the firm’s current financial
performance news (hereafter: News Perception). Impression is the dependent variable to test H1a
and H2a, and News Perception is the dependent variable to test H1b and H2b.
A path model is included in additional analyses. Impression and News Perception are two
mediators. Participants’ expectations of the firm’s future earnings growth potential (hereafter:
Future Earnings) is the first dependent variable. Participants’ decisions on whether to invest in
the firm’s stock and recommendations to a friend about whether s/he should invest in the firm’s
stock are transformed into a composite score by taking the average of the two variables
(hereafter: Invest & Recommend) and included as the second dependent variable in the path
model.12

A Cronbach’s Alpha of 0.965 indicates high reliability of the scale that measures participants’ investment and
stock recommendation decisions. Thus, the two questions measure the same underlying construct and can be
combined as a composite score (Nunnally 1978, 245).
12
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Nonprofessional investors’ impressions of Lansera’s management were measured by 12
questions and they are selected and customized based on widely accepted scales on website
usability, satisfaction, and consumer trust (Flavián, Guinalíu, and Gurrea 2006), as well as
management reporting credibility (Mercer 2005). The 12 questions captured three aspects of
impressions: favorability, design quality, and credibility, and each aspect is measured by four 7point Likert scale questions, with endpoints 1 = Strongly Disagree and 7 = Strongly Agree.13 The
first four questions asked participants to assess whether they have a favorable or unfavorable
view of firm management after viewing the digital annual report. The next four questions asked
participants to indicate their satisfaction with management’s ability and knowledge in designing
the report. The last four questions asked participants to provide their perceptions on the two
dimensions of management reporting credibility: competence and trustworthiness. Impression is
then calculated by a composite score that takes the average of the scores of the 12 questions. The
composite score has a Cronbach’s Alpha of 0.894, suggesting that the scale is reliable (Nunnally
1978, 245).14
The additional analyses section also tests the effects of experimental factors on
participants’ cognitive process modes, which are measured by pre- and post-measures of survey
questions before and after the manipulations on participants’ intuitive and analytical processes
(Hamilton et al. 2016). The pre-test scores are measured by 10 general questions about individual
cognitive processing styles: intuitive or analytical, and each style is measured by five 7-point

13

Since valence is one of the manipulated experimental factor, if the survey questions of impressions are all
positively or all negatively worded, it will bias in favor of finding results on either level of valence. To address this
concern and ensure that each aspect captures both the upper and lower bound of impressions, within each valence
category two questions are positively worded and two questions are negatively worded.
14

Inferentially identical results appear in a factor analysis when Impression is measured with a factor (i.e., latent
construct) that loads on the 12 questions.
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Likert scale questions, with endpoints 1 = Strongly Disagree and 7 = Strongly Agree. The pretest scores for intuitive and analytical processing styles are then calculated as two composite
scores by averaging participants’ responses to the five questions on each processing style. The
post-test scores are measured by customizing the 10 general questions to 10 specific questions
uniquely relating to cognitive processing styles when reviewing financial performance
information. Two composite scores are then calculated for the post-test measures.15 Next, the two
dependent variables, participants’ strength of intuitive thinking (hereafter: Intuitive Processing)
and analytical thinking (hereafter: Analytical Processing), are each computed as the post-test
composite scores minus the pre-test composite scores.
In addition to the dependent variables, covariates measured are gender, age, investment
experience, financial statement analyses experience, general work experience, accounting work
experience, and frequency of using social media, interacting with charts and tables, and playing
video games.16
2.4 Results
2.4.1 Manipulation Checks and Attention Checks
The initial sample includes 503 participants from M-Turk. Given that more than 95
percent of the participants finished the study within the range from 5.25 minutes to 45 minutes, I
removed 23 participants who took less than 5.25 minutes or longer than 45 minutes from the
sample.

15

I conduct reliability analysis on the 20 items for calculating pre-test and post-test scores, and the results yielded an
average Cronbach’s alpha above 0.7, suggesting that the scales are reliable (Nunnally 1978, 245).
16

Before testing the hypotheses, I included all the covariates in two ANCOVA models to control for other variables
that may affect the values of Impression and News Perception. Except for gender being a significant predictor for
Impression (p = 0.015), none of the covariates is significant in the ANCOVA models (p > 0.05). However, including
gender as a covariate in the model for Impression does not qualitatively change the results of testing H1a and H2a.
Therefore, I proceed with the statistical analyses using ANOVA models without including covariates.
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Two attention check questions were used to confirm that participants sufficiently
attended to the experimental task. The first question asked participants to select “Somewhat
disagree” in a survey question when measuring participants’ cognitive processing style; the
second question asked participants to select “Disagree” in a survey question when measuring
participants’ impressions of management. Nine participants who failed the first attention check
and one participant who failed the second attention check were excluded from the sample.
Two manipulation check questions were used to confirm that on average participants
understood the news valence and graphical vividness manipulations of the financial performance
information of the experiment. The first manipulation check question asked participants to assess
the valence of the financial performance news on an 11-point scale, with endpoints 0 =
Extremely Unfavorable and 10 = Extremely Favorable. ANOVA results show that participants in
the positive news condition assessed the favorability of the news significantly higher than those
in the negative news condition (F = 1464.435, p < 0.001). The second manipulation check
question required participants to assess the graphical vividness of the financial graphs on an 11point scale, with endpoints 0 = Not at all Vivid and 10 = Extremely Vivid. ANOVA results show
a significant main effect of this manipulation (F = 210.035, p < 0.001).
After excluding the completion time outliers and participants who failed the attention
check questions, my final sample for testing the hypotheses comprises 470 participants.17
2.4.2 The Effects of Valence and Vividness on Impressions of Management – H1a and H2a
H1a predicts that nonprofessional investors’ impressions of management is more positive
when the graphical presentation of the financial news is vivid versus pallid; H2a further predicts

17

Inferences from the tests of hypotheses are qualitatively unchanged if the observations from completion time
outliers and attention check failures are included.
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that the increased effect of vivid versus pallid graphical presentations is greater for positive news
than for negative news. To test the two hypotheses, I conduct a two-way analysis of variance
(ANOVA) using Impression as the dependent variable and the valence of financial news
(Valence) and the vividness of graphical presentations (Vividness) as the two factors. Panel A of
Table 2. 2 presents the cell sizes, means, and standard deviations across experimental conditions
for Impression, Panel B presents the results of the ANOVA test, and Panel C presents the results
of the contrast test and simple effect tests.
Table 2. 2
The Effects of Valence and Vividness on Impression – H1a and H2a
Panel A: Mean (Standard Deviation)
Vividness
Row
Means
3.89
(1.00)
n=236

Valence
Negative

Pallid
3.86
(0.93)
n=118

Vivid
3.91
(1.07)
n=118

Positive

4.26
(0.94)
n=116

4.69
(1.04)
n=118

Column Means

4.06
(0.95)
n=234

4.30
(1.12)
n=236

4.48
(1.01)
n=234
Grand
Mean
4.18
(1.05)
n=470

SS
40.431
6.669

df
1
1

MS
40.431
6.669

F
40.610
6.699

p-value
<0.001***
0.010***

4.126
463.939

1
466

4.126
0.996

4.145

0.042**

Panel B: ANOVA Results
Source of
Variation
Valence
Vividness
Valence *
Vividness
Error
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Table 2. 2 (Continued)
Panel C: Contrast and Simple Effects Results

Contrast
C2 - C1 > C4 - C3

Simple Effects
The effect of
vividness given
positive news
(C2 > C1)
The effect of
vividness given
negative news
(C4 > C3)

Mean
Difference
0.37

Standard
Error
0.18

p-value
0.042**

Mean
Difference

Standard
Error

p-value

0.43

0.13

<0.001***

0.05

0.13

0.696

*significant at 0.10 **at 0.05 ***at 0.01 (two-tailed)
Impression = A composite score by taking the average of 12 survey items
that represents participants’ impressions of Lansera’s management.
Valence = 1 if the news is positive; 0 if the news is negative.
Vividness = 1 if financial data is presented on infographics; 0 if financial data is presented on bar charts.
Conditions:
C1: Positive News / Pallid Graphs; C2: Positive News / Vivid Graphs;
C3: Negative News / Pallid Graphs; C4: Negative News / Vivid Graphs.

The ANOVA results show both a statistically significant Vividness main effect (F =
6.699, p = 0.010) and a Valence*Vividness interaction effect (F = 4.145, p = 0.042). The main
effect suggests that regardless of the levels of Valence, Vividness has a positive effect on
Impression.18 The interaction effect suggests that the effect of Vividness on Impression depends
on the levels of Valence. The contrast test of the interaction effect confirms the directionality of
the effect that the positive effect of Vividness is stronger when Valence is at the positive level

18

A supplemental ANOVA analysis shows that regardless of the valence of the financial performance news,
participants receiving vivid graphs on average spent 12.5 more seconds viewing financial performance graphs than
participants receiving pallid graphs (F = 8.161, p = 0.004).
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than at the negative level (Contrast: C2 – C1 > C4 – C3, Mean Difference = 0.37, p = 0.042).
Therefore, H1a and H1b are both supported.
I conduct two follow-up simple effect tests to further investigate the pattern of the
interaction effect given positive and negative financial performance news. A graphical summary
of the interaction effect and the simple effects appears in Figure 2. 3.

Impressions of management

5

4.5
Pallid
Vivid
4

3.5
Negative

Positive

Dependent Variable:
Impression = A composite score by taking the average of 12 survey items that represents participants’ impressions
of Lansera’s management (seven-point scales with endpoints labeled 1 = Strongly Disagree and 7 = Strongly
Agree).
Experimental Conditions:
Negative = if financial data indicates negative results in the current year compared with prior years.
Positive = if financial data indicates positive results in the current year compared with prior years.
Pallid = if financial data is presented on pallid bar charts.
Vivid = if financial data is presented on vivid infographics.

Figure 2. 3 Impression as a Function of News Valence and Graphical Vividness
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The simple effect test of vividness given positive news shows that the effect of positive
news is more positive when the graphical presentation is vivid versus pallid (Simple Effect: C2 >
C1, Mean Difference = 0.43, p < 0.001), and the effect size is moderate (Cohen’s d = 0.434).19 In
contrast, the simple effect test of vividness given negative news failed to demonstrate that vivid
graphs soften the effect of negative news (Simple Effect: C4 > C3, Mean Difference = 0.05, p =
0.696), and the effect size is tiny (Cohen’s d = 0.050). As a result, the simple effect tests suggest
that the main effect of Vividness is not meaningful given that the positive simple effect of
graphical vividness is significant for positive news but insignificant for negative news.
2.4.3 The Effects of Valence and Vividness on Impressions of the News – H1b and H2b
Similar to the predictions in H1a and H2a, H1b and H2b predict the main effect of
Vividness and the Valence*Vividness interaction effect on News Perception. Panel A of Table 2.
3 presents the cell sizes, means, and standard deviations across experimental conditions for News
Perception, Panel B presents the results of the ANOVA model.
Table 2. 3
The Effects of Valence and Vividness on News Perception – H1b and H2b
Panel A: Mean (Standard Deviation)
Vividness
Valence
Negative

Pallid
-1.84
(1.73)
n=118

Vivid
-2.20
(1.75)
n=118

Row
Means
-2.02
(1.75)
n=236

Positive

3.26
(1.35)
n=116

3.23
(1.17)
n=118

3.24
(1.26)
n=234

An untabulated simple effect test on the effect of valence given pallid graphs has a Cohen’s d of 0.428, which is
similar to the effect size of vividness given positive news (Cohen’s d = 0.434). This effect size comparison shows
that the sensory effect of graphical vividness for positive financial performance news is about as large as the valence
effect of the news for pallid graphs.
19

30

Table 2. 3 (Continued)

0.69
(2.99)
n=234

0.51
(3.10)
n=236

Grand
Mean
0.60
(3.04)
n=470

SS
3256.829
4.565
3.289
1080.123

df
1
1
1
466

MS
3256.829
4.565
3.289
2.318

Column Means

Panel B: ANOVA Results
Source of
Variation
Valence
Vividness
Valence * Vividness
Error

F
1405.102
1.969
1.419

p-value
<0.001***
0.161
0.234

*significant at 0.10 **at 0.05 ***at 0.01 (two-tailed)
News Perception = Represents participants’ perceptions of Lansera’s financial performance news.
Valence = 1 if the news is positive; 0 if the news is negative.
Vividness = 1 if financial data is presented on infographics; 0 if financial data is presented on bar charts.

Unlike the results in testing H1a and H2a where Valence and Vividness interactively
impact Impression, Valence is the only significant predictor for News Perception (F = 1405.102,
p < 0.001). However, both the main effect of Vividness (F = 1.969, p = 0.161) and the
Valence*Vividness interaction effect (F = 1.419, p = 0.234) are insignificant. Therefore, the
results failed to support H1b or H2b.
2.4.4 Additional Analyses
2.4.4.1 Mediation Analyses
To provide additional support to the findings in hypotheses testing, I conduct mediation
analyses using a path model. Impression and News Perception are two mediators, Future
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Earnings is the dependent variable capturing nonprofessional investors’ judgments, and Invest &
Recommend is the dependent variable capturing nonprofessional investors’ decisions.
Table 2.4 presents the correlation matrix of the path model, and Figure 2.4 presents the
path diagram. Following Hair et al. (1998), I investigate several model fit indices to make sure
the multiple-group path model has a good fit. First, the Chi-Square test of model fit is
insignificant (χ2 = 2.019, p = 0.918), and the minimum discrepancy divided by degrees of
freedom is below the cut-off point of 3.00 (χ2/df = 0.337). Second, the comparative fit index
(CFI) is greater than 0.99, which exceeds the cut-off point of 0.90 (Hu and Bentler 1999). Third,
the root-mean-square error of approximation (RMSEA) is smaller than 0.001, and the
standardized root-mean-square residual (SRMR) is 0.005, representing a good fit (Browne and
Cudeck 1993).
Table 2. 4
Correlation Matrix of the Path Model for Essay 1
Mean

St. Dev

1

2

3

4

5

6

1. Valence

0.500

0.501

1.000

2. Vividness

0.500

0.501

0.004

1.000

3. Valence*Vividness

0.250

0.434

.581***

.577***

1.000

4. Impression

4.181

1.048

.281***

.115**

.280***

1.000

5. News Perception

0.600

3.044

.866***

-0.029

.501***

.327***

1.000

6. Future Earnings

5.490

2.535

.753***

-0.010

.445***

.371***

.860***

1.000

7. Invest & Recommend

43.796

27.884

.695***

0.021

.407***

.422***

.806***

.861***

7

1.000

*, **, *** Indicate two-tailed significance at less than 0.10, 0.05, and 0.01 levels, respectively.
Valence = 1 (0) if financial data indicates positive (negative) results in the current year compared with prior years.
Vividness = 1 if financial data is presented on vivid infographics; 0 if it is presented on pallid bar charts.
Impression = A composite score by takin the average of 12 survey items that represents participants’ impressions of
Lansera’s management.
News Perception = Represents participants’ perceptions of Lansera’s financial performance news.
Future Earnings = Represents Participants’ indicated future earnings growth potential for Lansera.
Invest & Recommend = A composite score by taking the average of participants’ likelihood of invest in Lansera’s
stock and their likelihood of recommend a friend to invest in the firm’s stock.
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Future
Earnings

Valence
0.190***
Vividness

0.024
0.155**

0.820***

Impression

0.827***
0.094***

News
Perception
0.748***

0.033

Valence *
Vividness

Invest &
Recommend

*, **, *** Indicate two-tailed significance at less than 0.10, 0.05, and 0.01 levels, respectively.
Valence = 1 (0) if financial data indicates positive (negative) results in the current year compared with prior years.
Vividness = 1 if financial data is presented on vivid infographics; 0 if it is presented on pallid bar charts.
Impression = A composite score by taking the average of 12 survey items that represents participants’ impressions
of Lansera’s management.
News Perception = Represents participants’ perceptions of Lansera’s financial performance news.
Future Earnings = Represents Participants’ indicated future earnings growth potential for Lansera.
Invest & Recommend = A composite score by taking the average of participants’ likelihood of invest in Lansera’s
stock and their likelihood of recommend a friend to invest in the firm’s stock.
Solid (dotted) lines represent significant (insignificant) standardized path coefficients.

Figure 2. 4 Path Diagram for the Moderated Mediation Effects

Results in the path model indicate the presence of moderated mediation effects, with
news valence moderating the mediating effect of graphical vividness on impressions. When the
news is negative (i.e., Valence = 0), Vividness has insignificant effect on Impression (Path
Coefficient = 0.024, p = 0.695). Thus, the sensory effect of graphical vividness is absent when
financial performance news is negative. In contrast, when the news is positive (i.e., Valence = 1),
the path model shows both the valence effect of the news and the sensory effect of graphical
vividness. Valence positively impacts both Impression (Path Coefficient = 0.190, p = 0.002) and
News Perception (Path Coefficient = 0.820, p < 0.001), and Impression positively impacts News
Perception (Path Coefficient = 0.225, p < 0.001). Next, presenting graphs vividly adds to the
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positive valence effect as the Valence*Vividness interaction term positively impacts Impression
(Path Coefficient = 0.155, p = 0.040), and indirectly impacts News Perception through
Impression (Path Coefficient = 0.094, p < 0.001). Subsequently, News Perception has significant
positive effects on both Future Earnings and Invest & Recommend (p-values < 0.001).
In sum, the path model suggests that when the financial performance news is positive,
presenting graphs vividly has positive effects on nonprofessional investors’ investment-related
judgments and decisions through the positive mediation effects of their perceptions of
management and firm performance. In contrast, when the financial performance news is
negative, presenting graphs vividly does not have a significant effect on nonprofessional
investors’ impression of the management. As a result, the mediation effects of nonprofessional
investors’ perceptions of management and firm performance is absent when the news is negative.
2.4.4.2 Cognitive Processing Modes
To further explain the effects of graphical vividness and news valence on nonprofessional
investors’ cognitive processing, I use Intuitive Processing and Analytical Processing as the
dependent variables in two ANOVA models where Valence and Vividness are two factors
(results are untabulated).
The first ANOVA model failed to show significant effects from experimental factors to
Intuitive Processing (Omnibus F = 1.264, p = 0.286). In contrast, the second ANOVA model
demonstrates that the Valence*Vividness interaction term significantly impacts Analytical
Processing (F = 8.535, p = 0.004). Simple effect analyses reveal findings consistent with the
hypotheses testing results. When the news is positive, Vividness significantly enhances
Analytical Processing (Mean Difference = 0.13, p = 0.023). This finding provides evidence that
the effect of graphical vividness on positive financial performance news can be attributed to
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nonprofessional investors’ enhanced analytical processing of the information, which allows
graphical vividness to enhance the effect of news valence. In contrast, when the news is negative,
Vividness marginally suppresses Analytical Processing (Mean Difference = - 0.11, p = 0.064).
This finding provides evidence regarding why graphical vividness has little effect on negative
news: Nonprofessional investors question managers’ intention of using vivid graphs for negative
news and discount the impact of graphical vividness.
2.5 Discussion and Conclusion
The purpose of this essay is to test the following research question: Does the degree of
graphical vividness in a digital annual report influence the effect of positive or negative financial
news on nonprofessional investors’ impressions of management and firm performance?
Applying the sensory effect of graphical vividness from the marketing and psychology literature
to the context of digital annual reports, I predict that graphical vividness positively impacts
nonprofessional investors’ impressions of management and firm performance. I also predict that
the positive effect of graphical vividness is stronger when financial news is positive than when
the news is negative.
The results of the essay are consistent with the predictions. The findings support the
sensory effects of vivid presentations on the attractiveness of the graphical information through
nonprofessional investors’ increased favorable impressions of management. More importantly,
news valence moderates the effect of graphical vividness in that the increased favorable
impressions of management is only present when the financial news is positive but absent when
the news is negative. In additional analyses, a path model demonstrates moderated mediation
effects, such that when the news is positive, nonprofessional investors’ impressions of
management and firm performance positively mediate the effects from graphical vividness to
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investment-related judgments and decisions; however, the mediation effects are absent when the
news is negative.
The results of the essay can inform both practice and academia about why companies
implement vivid graphical presentations in their digital annual reports; the results also suggest
that regulators and standard-setters may want to consider setting limits or at least providing
guidelines to control the wide variety of graphical presentations on this new reporting platform.
The findings suggest that when the financial performance news is positive, presenting graphs
vividly to nonprofessional investors produces favorable outcomes to managers because
performance results are perceived to be more positive. However, when the financial performance
news is negative, such vivid presentations do not have a significant effect on nonprofessional
investors’ impressions. The study also extends the financial disclosure literature on visualizations
by examining the sensory effects of vivid graphics that influence nonprofessional investors’
judgments and decisions. Although vivid graphs are not physically “distorted” in terms of scales
or measures, they are behaviorally “distorted” in that they influence nonprofessional investors’
impressions of management and firm performance when the news is positive. Regulators and
standard-setters should find the results of the study useful for future guidance, standards, and
regulations on website disclosures after SEC (2008). They may consider either monitoring or
restricting the types of presentation formats on the digital annual report platform.
The results of this essay should be interpreted considering its limitations, which provide
opportunities for future research. First, the manipulations of vivid and pallid graphs aimed to
create the largest contrasts between the two alternative presentations as vivid graphs are
presented in interesting color infographics but pallid graphs are presented in dull grayscale bar
charts. Future research can study the situation where the contrasts between vivid and pallid
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graphs are smaller. Second, based on the vividness congruency effect in Smith and Shaffer
(2000), it is possible that vivid presentation formats are not congruent with the message or the
data. However, in this essay, I only investigate a situation where high congruency exists between
the presentations and the financial performance data. Future research can investigate whether the
vividness congruency effect moderates the outcomes of graphical vividness on judgments and
decisions. Third, when financial performance news is negative, there is no evidence of the effect
of vivid presentations on managing nonprofessional investors’ impressions. Future research can
investigate whether managers can use other presentation formats or disclosure channels, for
example video or social media, to successfully soften nonprofessional investors’ perceptions of
negative financial performance news.
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Chapter 3.

Essay 2: Can Vivid and Interactive Displays of Non-Financial Information

Counteract the Effect of Financial Information in Digital Annual Reports?
3.1 Introduction
The trend in the last several years towards increased media richness has impacted the
manner in which corporations leverage information technology to make their external financial
reports appealing to investors. For public companies, electronic reports using eXtensible
Business Reporting Language (XBRL) have replaced paper-based reporting as the dominant
method for SEC filings.20 While the adoption of XBRL has created a standardized and efficient
method for their required corporate filings (Perdana, Robb, and Rohde 2015), companies are
becoming more creative in the presentation of their annual reports in the investor relations
section of their websites as permitted by the SEC (SEC 2008). In particular, an increasing
number of companies (e.g., Verizon, L’Oreal, and CVS) provide engaging and vivid “digital
annual reports” on their websites. These digital reports include both the required disclosures of
(audited) annual financial performance information (i.e., income statement, balance sheet, and
statement of cash flows) as well as disclosures of (unaudited) non-financial information aimed at
improving investor relations and managing the impressions of current and potential investors.21

20

The SEC stopped accepting paper-based financial reports in 2014. The full article is available at
https://www.sec.gov/corpfin/announcement/cfannouncement-annual-reports-security-holders-website.html.
21

In the US, nearly all publicly held firms have an investor relations website containing digital annual reports that
provide information on financial performance (Debreceny 2015). In Europe, 72 percent of listed companies have
interactive components in their digital annual reports (see http://www.messagegroup.eu/annual-reporting-europe).
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The options for the presentation of standard audited financial information are relatively
limited (e.g., tables or traditional charts). In comparison, firms have greater flexibility in the
presentation of unaudited non-financial information, for example environmental disclosures,
customer satisfaction metrics, and social media interaction statistics. Firms can present such
information with functions such as drilldown buttons, menu bars, and slide bars, all of which
facilitate user interactivity with the reports. They can also use rich media in their digital annual
reports to present non-financial information to investors through engaging and colorful
dashboards, infographics,22 pictures, and videos, which collectively increase the graphical
vividness of the information. Such interactive and vivid displays of non-financial information
can advance the firm’s goal of impression management such that investors viewing them feel
optimistic about a firm’s future prospects, despite negative news in the audited financial
information.
Non-financial disclosures can provide incremental information that complements
financial disclosures and can be useful to investors. In the absence of assurance standards and
given the considerable inter-firm variability in the kinds of non-financial information that can be
disclosed (Coram, Monroe, and Woodliff 2009; Cohen et al. 2012), managers could potentially
use non-financial disclosures in digital annual reports as a vehicle for impression management.
Specifically, managers, driven by situational incentives and a lack of assurance (Mercer 2004),
could format and present selected non-financial disclosures as “good news” to potentially
counteract the negative effects of poor financial performance that would be interpreted by
investors as “bad news” (Dhaliwal et al. 2011). Prior research finds that the effects of impression

“Infographics represent data and ideas visually, in pictures, engaging more parts of the brain to look at a problem
from more than one angle” (Krauss 2012, p. 10). A typical example of infographics is the combination of graphs and
explanations in an encyclopedia which explains concepts through an intuitive manner.
22
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management through non-financial good news can be strengthened through the use of positive
tones (Cho, Roberts, and Patten 2010) or distorted graphs (Cho, Michelon, and Patten 2012).
In this essay, in the context of digital annual reports, I investigate the effects of two
impression management mechanisms: user interactivity and graphical vividness. Prior
accounting literature demonstrates that the presence of user interactivity alone influences
nonprofessional investors’ judgments and decisions (Kelton and Pennington 2012; Tang et al.
2014; Kelton and Murthy 2016). Research on mobile device applications and online shopping
websites has documented that user interactivity and graphical vividness are two leading factors
that determine the effectiveness of presented information (Jiang and Benbasat 2007; Lim, Voges,
and Billinghurst 2012; Kim, Lin, and Sung 2013). User interactivity and graphical vividness
have synergistic effects (Schlosser 2003; Rozendaal, Keyson, and de Ridder 2007), such that
their joint effect is more than just the additive effect of each factor (Sundar and Kim 2005).
Therefore, the first research question of the essay is: How do interactive and vivid presentations
of non-financial information in digital annual reports impact nonprofessional investors’
impression of firm performance when that information sends a different (positive) signal
compared to the financial information (negative)?
Relative to paper-based annual reports, investors reviewing digital annual reports
containing vivid and interactive displays will encounter a more engaging user experience. In the
virtual reality domain, Steuer (1992) proposes a theory of user engagement, wherein user
interactivity and graphical vividness positively impact the degree of user engagement and
subsequent user behavior (Steuer 1992; Mollen and Wilson 2010). According to Steuer (1992),
the degree of interactivity and vividness of the technology affects a user’s telepresence, which is
defined as “the experience of presence in an environment by means of a communication
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medium” (Steuer 1992, p. 6). Telepresence is positively related to user engagement, defined as
“a user’s response to an interaction that gains, maintains, and encourages their attention,
particularly when they are intrinsically motivated,” which in turn impacts user attitudes and
behaviors (Mollen and Wilson 2010). The theory has been applied to highly engaging tasks such
as online shopping and video gaming (O’Brien and Toms 2008). In this essay, I apply the theory
to a distinctly less engaging task: viewing a digital annual report with the objective of making
investment-related judgments and decisions. In the context of nonprofessional investors viewing
digital annual reports, I predict that investors’ degree of engagement in reading of the report
(user engagement), which is affected by the degree of interactivity and vividness of the
information, will enhance the impact of the good news in non-financial information in their
evaluation of the firm. Accordingly, my second research question is: In digital annual reports,
does user engagement mediate the effects of user interactivity and graphical vividness on
nonprofessional investors’ impression of firm performance?
To answer the two research questions, I conduct an experiment using 565 Amazon
Mechanical Turk (hereafter: M-Turk) workers. I leverage the M-Turk platform to recruit a
diverse group of participants who fit the profile of nonprofessional investors (FINRA 2015).
Participants assume the role of an investor and conduct analyses of a company’s digital annual
report containing both financial and non-financial information. The financial (audited)
information presents negative news about the current year’s performance in vertical bar charts,
whereas the non-financial (unaudited) information presents positive news that could counteract
the effect of the negative financial information. The experiment employs a 2 x 2 + 1 design (two
manipulated factors and one control condition), and the presentation format of the non-financial
data is manipulated in two ways. The first factor, user interactivity, is operationalized by whether
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or not a user interactivity function is provided. In the interactive condition, participants are able
to use a menu with buttons to navigate from one graph to the next, whereas in the non-interactive
condition, participants are presented with all non-financial graphs on one long page. The second
factor, the graphical vividness of the data, is operationalized by presenting participants with
either infographics or bar charts. In the vivid condition, non-financial data is presented in
horizontal infographics. In the pallid condition, non-financial data is presented in horizontal bar
charts. I also include a fifth (control) condition that presents the non-financial information in the
same manner as the financial information. The task requires participants to assess the impact of
the company’s financial and non-financial performance news, evaluate the future earnings
growth potential, and determine the likelihood of investing in the company’s stock or
recommending the stock to a friend.
The results are generally consistent with predictions. I find that the effect of user
interactivity is moderated by the levels of graphical vividness. Specifically, the presence of the
user interactivity function is only effective when the graphs are vivid, but it is ineffective when
the graphs are pallid. Next, in a path model I find unexpected results, in that user interactivity
negatively impacts user engagement and further affects participants’ perceptions of the news, but
the joint effect of user interactivity and graphical vividness directly increases participants’
perceptions of the news without reducing user engagement. Subsequent path model analysis
sheds light on the unexpected mediation effect: interactivity without vivid graphs reduces
participants’ satisfaction with digital annual reports.
This study contributes to both the existing literature on impression management with
non-financial data and the emerging literature on the implications of interactive financial
statement presentation formats on nonprofessional investors’ behavior. First, this essay
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contributes to the impression management literature by introducing user engagement as a
mediator to explain how alternative display formats such as user interactivity and graphical
vividness affect investors’ investment-related judgments and decisions. Second, I integrate the
literature on static (non-interactive) presentations (Kelton, Pennington, and Tuttle 2010) and
interactive presentations (Dilla, Janvrin, and Raschke 2010) by analyzing the interaction effect
between user interactivity and graphical vividness on nonprofessional investors’ impressions of a
firm’s performance. Third, this essay provides empirical evidence regarding the potential need
for assurance or oversight on the presentation of non-financial information in annual reports
(Corem et al. 2009; Cohen et al. 2011), given my finding that such displays do influence
nonprofessional investors’ investment judgments and decisions. Fourth, contrary to the general
findings relating to the theory of user engagement in highly engaging tasks such as online
shopping and gaming, I find that in a less engaging task (investing), absent vivid graphs, user
interactivity actually reduces user engagement. Finally, I contribute to practice by informing
designers of digital annual reports how interactive and vivid displays influence nonprofessional
investors’ level of user engagement and their impressions of the firm. My findings should also be
of interest to investor groups who consume the disclosures made by public companies on their
investor relations websites. Regulators concerned about the potential effects of non-financial
disclosures in annual reports should find the essay’s results informative from an oversight and
rule-making perspective.
The remainder of this essay is organized as follows. In the next section, I discuss the
background, prior literature, and hypotheses development. I then present the research method,
including the design of the interactive and vivid digital annual reports. In the section that
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follows, I present the results for the test of hypotheses and additional analyses. In the final
section I discuss the implication of the results, the contribution of the essay, and future research.
3.2 Background and Hypotheses
3.2.1 Impression Management via the Disclosure and Presentation of Non-Financial
Information
Unlike financial disclosures that are subject to standardized assurance services, nonfinancial disclosures are often voluntary and subject to little assurance.23 Although Coram et al.
(2009) find that providing assurance on positive non-financial information impacts professional
financial statement users’ stock price estimates, providing such assurance in reality is
challenging because firms have multiple disclosures channels (e.g., form 10-K, promotion
materials, and investor relations websites) and a variety of non-financial performance measures
(e.g., customer-related measures and market share measures) to choose from (Cohen et al. 2012).
On the other hand, regulators encourage firms to increase the magnitude of voluntary nonfinancial performance disclosures (FASB 2001), and investors demand more of such disclosures
to improve investment decisions (Cohen et al. 2011).
The joint forces from regulators and investors push managers to present more nonfinancial information in annual reports, but the assurance function has not kept pace with these
developments. For example, Brazel, Jones, and Prawitt (2014) find that normally auditors are
passive users of non-financial information, and they rely heavily on a decision prompt to remind
them of the importance of non-financial indicators. Without the decision prompt, auditors do not

23

In most jurisdictions, auditing standards require that the auditor review the entirety of the annual report to ensure
that there is no information that is misleading or contradictory to the information presented in the audited financial
statements. In the setting for this study, the visualizations presented in the digital annual report relate to nonfinancial information such as customer satisfaction, customer retention, customer loyalty, and innovation. These
measures do not directly relate to any of the numbers presented in the financial statements themselves. Accordingly,
these non-financial measures cannot be viewed by the auditor as contradictory or misleading.
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change their risk assessments even when material inconsistencies exist between client’s financial
and non-financial performance outcomes. According to Mercer’s (2004) disclosure credibility
model, when managers are driven by situational incentives to increase disclosures and are subject
to little pressure from internal or external auditors, they have strong incentives to manage
investors’ impressions by manipulating disclosure characteristics such as the disclosure venue or
the presentation format.
Prior accounting literature suggests that managers use positive non-financial information
to counteract investors’ potential negative impressions from poor financial performance.
Managers are motivated to inform investors of current-year good news in corporate social
responsibility (CSR) reports when the previous year’s cost of equity capital is high, and the
disclosure of positive CSR information reduces the cost of equity capital in a subsequent year
(Dhaliwal et al. 2011). To project a favorable image, managers may use tactics such as positive
language and tone in environmental disclosures (Cho et al. 2010) or distorting the graphical
design in sustainability reports by manipulating the presentation scales (Cho et al. 2012). Similar
tactics can be used in the context of digital annual reports: Although firms typically present
financial information as tables or traditional charts, the formatting of non-financial information
can be more flexible, ranging from static charts to interactive charts with drilldown buttons or
traditional bar charts to infographics with cartoon figures.24 I expect that, in digital annual
reports, when financial information signals bad news, but non-financial information signals good
news, managers have strong situational incentives to manipulate investors’ impressions by

24

Verizon presents their carbon intensity reduction ratios in static bar charts (available at:
http://www.verizon.com/about/sites/default/files/annual_reports/2016/corporate-responsibility.html); L'Oréal
presents their market share growth statistics in an interactive map with drilldown buttons (available at:
http://www.loreal-finance.com/en/annual-report-2016/worldwide-advances); and CVS presents their non-financial
performance information using infographics (available at:
https://materials.proxyvote.com/Approved/126650/20170314/AR_315661/#/2/).
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making the presentation of such non-financial information attractive and appealing to investors,
which is typically done by adding a user interactivity function and/or making the graphical
displays more vivid.
3.2.2 Interactive Data Visualization
Interactive data visualization25 applies to multiple dimensions of accounting, such as
management accounting, financial accounting, auditing, and accounting information systems
(Dilla et al. 2010). For internal reporting purposes, dashboards allow users to control the
presentation format, which subsequently reduces cognitive load from information searching due
to the integration of large amounts of data on a single screen (SAP 2010). User control of
presentation formats is often provided through drilldown and drillup functions in dashboards to
enhance the accuracy, consistency, confidence, and speed in decision-making (Yigitbasioglu and
Velcu 2012). For external reporting purposes, the SEC encourages firms to use “layered” or
“tiered” formats with drilldown capabilities to report summarized performance information (SEC
2008). Additionally, eXtensible Business Reporting Language (XBRL) provides the benefits of
interactive data to firms, financial statement users, and regulators (Perdana et al. 2015). Firms
can utilize the multidimensional structures of XBRL data, for example, to improve governance
related decision making through the incremental knowledge gained from disaggregated
accounting data (Alles and Piechocki 2012). Financial statement users can use the interactive
tagged data in XBRL to conduct detailed analyses on both quantitative (e.g., ratios) and
qualitative (e.g., MD&A) information (Sutton et al. 2012). The Enhanced Business Reporting
Consortium (EBRC) of the American Institute of Certified Public Accountants (AICPA) is

Interactivity is defined as the ability of users to “participate in modifying the form and content of a mediated
environment in real time” (Steuer 1992, p. 84).
25

46

developing new mechanisms for interactive data, such as detailed XBRL tags on MD&A
(AICPA 2012).
Recent studies confirm that interactive data visualizations in financial reports can
positively impact the judgment and decision-making processes of nonprofessional investors. The
format of interactive presentations can be tagged items, hyperlinks, or drilldown functions (SEC
2008). In an experiment with both professional and nonprofessional investors as participants,
Arnold et al. (2012) find that nonprofessional investors implement a more focused search
strategy when the data in MD&A are interactive (e.g., tagged) versus static (e.g., a PDF file). In
contrast to the behavior of nonprofessional investors, professional investors do not change their
search strategy between the interactive and static styles. Using hyperlinks to implement
interactivity, Kelton and Pennington (2012) compare the impact of hyperlinked financial
information and paper-based financial information on nonprofessional investors’ evaluations of
managements’ forward-looking information. Using 84 graduate students as proxies for
nonprofessional investors, they find that nonprofessional investors exerted less effort on the task
with hyperlinked information versus paper-based information. The study also finds that
nonprofessional investors with hyperlinked information are less prone to be influenced by the
management letter. Tang et al. (2014) find that the effects of interactivity on nonprofessional
investors’ calibration, decision accuracy, and confidence in financial decision-making depend on
the richness of the visualization. Specifically, the accuracy of the nonprofessional investors’
decisions is enhanced only when users both receive multiple visualization formats and interact
with the presentations. Kelton and Murthy (2016) study the effect of using drilldown functions in
online financial data on the judgment and decisions of nonprofessional investors, using 202
participants recruited from M-Turk. The study demonstrates several behavioral impacts of the
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interactive drilldown function including reduced cognitive load when participants were
processing new information and mitigation of earnings fixation.
In light of the consensus findings in prior literature on the effectiveness of the user
interactivity function to nonprofessional investors in traditional financial reporting settings, I
expect similar effects when presenting non-financial information graphically on the digital
annual report platform. Specifically, I predict that nonprofessional investors will be positively
influenced by non-financial good news presented in an interactive manner, despite poor financial
performance. Therefore, I hypothesize that:
H1: On a digital annual report platform where financial information signals bad
news and non-financial information signals good news, nonprofessional
investors’ perceptions of firm performance are more positive when the user
interactivity function of the non-financial data is present compared to when
it is absent.
3.2.3 Disclosure Vividness
While interactive data visualizations give users flexibility in controlling the display
format, disclosure vividness in financial reports is aimed at attracting the user’s attention to the
information. Disclosure vividness refers to both vivid language and vivid graphs. In the
psychology literature, the persuasiveness of information presented is positively related to its
vividness (Nisbett and Ross 1980). Vividness can be operationalized in a number of ways such
as colorful language or pictorially illustrated information (Taylor and Thompson 1982).
Accounting research on language vividness has examined the vividness of text as a mechanism
used to convey information26 (Rennekamp 2012). Hales, Kuang, and Venkataraman (2011)
investigated the effects of vivid language in financial reports on investor judgments. Conducting
two experiments with MBA students, they find that the effect of language vividness on investors’

26

Other examples on disclosure style include optimistic versus pessimistic tone and vocal cues (Rennekamp 2012).
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judgments is moderated by their investment position. When the presented information conflicts
with an investor’s assumptions, how the investor reacts to vivid versus pallid language depends
on whether the investor is in a short or long position. The effect of vividness on the judgments of
investors in a long position is significantly smaller than on the judgments of investors in a short
position. Extending the Hales et al. (2011) study, Tan, Wang, and Zhou (2014) find that the
impact of language sentiment (positive or neutral) on nonprofessional investors is significant
only when the readability of the financial disclosures is low.
Graphical vividness (i.e., visual vividness or display vividness) is defined as “the
representational richness of a mediated environment as defined by its formal features, that is, the
way in which an environment presents information to the senses” (Steuer 1992, p. 11). Complex
information displayed in vivid graphs (e.g., infographics) can improve a user’s grasp and use of
the information. Literature on mobile application design has found that the degree of graphical
vividness has a significant impact on how informative users perceive the message to be and how
effectively they can recall the information (Lim et al. 2012). Additionally, graphical vividness
and user interactivity are ranked as the top two leading factors in mobile application design (Kim
et al. 2013), and they are the primary design factors that drive the effectiveness of presentations
on online shopping websites (Jiang and Benbasat 2007).
Due to the synergistic effects of user interactivity and graphical vividness, these factors
will likely have an interactive effect on user judgments and decisions. Interactive functions such
as drilldown buttons evoke vivid mental images and boost the effect of vividness on product
purchase intentions (Schlosser 2003); on the other hand, vivid presentations such as colorful and
iconic images increase message salience, which enhances the robustness of interactive functions
(Rozendaal et al. 2007). Because user interactivity maintains attention, and graphical vividness
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increases content favorability, the combined effect of the two factors is much stronger than each
individual cue on the persuasiveness of the information content (Sundar and Kim 2005). In the
context of digital annual reports, I expect a joint effect (i.e., interaction effect27) of user
interactivity and graphical vividness on nonprofessional investors’ perceptions of firm
performance, leading to the following prediction:
H2: On a digital annual report platform where financial information signals bad
news and non-financial information signals good news, the positive effect of
user interactivity on nonprofessional investors’ perceptions of firm
performance is stronger when graphical non-financial information is vivid
compared to when it is pallid.

3.2.4 The Mediating Effects of User Engagement
Steuer (1992) proposes a theoretical model of user engagement, whereby vividness and
interactivity affect user engagement through telepresence, eventually impacting users’ judgments
and decisions (see Figure 3. 1). Research on video game design finds that the level of user
engagement increases as gamers gain greater control over the elements in the game (i.e.,
interactivity) and the image quality of the game is improved (i.e., vividness) (Delwiche 2006;
Bracken and Skalski 2009). The increased level of user engagement through telepresence shifts
users from the real world to the virtual world, impacts their attitudes and behaviors, and leads
them to become involved in the task for a longer period of time than they had originally intended
(Mollen and Wilson 2010).
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In the psychology literature, a meta-analysis of the effect of vividness revealed that its effect alone is weak
(Blondé and Girandola 2016). In addition, the major focus of my study is to examine the joint effect of interactivity
and vividness using the virtual reality theory in Steuer (1992). Therefore, I do not hypothesize a main effect of
vividness.
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Figure 3. 1 The Conceptual Model of User Engagement (Steuer 1992)

Prior literature investigates the concept of user engagement in tasks that involve ongoing
personal involvement, such as online shopping and video gaming (O’Brien and Toms 2010,
2013; Wiebe et al. 2014). In contrast, the task in my setting involves judgments and decisions of
a firm’s performance at a single point in time and does not foster ongoing personal involvement.
The level of user engagement when reviewing a company’s digital annual report information is
therefore likely to be lower than for other highly engaging tasks. For example, players in roleplaying video games immerse themselves in the virtual world and transfer personal feelings to
the main character in the game (Delwiche 2006). In comparison, investors viewing digital annual
reports seek information for their investment-related decisions and are much less likely to attach
their personal feelings to the task. Thus, in contrast to prior literature, I create a decision context
that is likely in the lower bounds of user engagement, i.e., an investing task that is relatively
uninteresting and less personal.
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In the context of my study, there are two major contributors to the counteracting effect of
the positive non-financial information on the negative financial information: (1) the valence of
the non-financial information and (2) user engagement with the presentation format of the nonfinancial information. From a valence perspective, the mere fact that the non-financial news is
positive should have a countervailing effect on the negative financial news, regardless of how the
non-financial news is presented. From a user engagement perspective, based on Steuer’s (1992)
theory, the way in which non-financial news is presented (i.e., using interactivity and vividness
features) can create an effect in addition to the valence of the non-financial information to
influence users’ judgments and decisions. Specifically, I argue that the interactive and vivid
elements of the presentation format for the positive non-financial information heightens
investors’ engagement when reviewing the firm’s digital annual report. Enhanced engagement in
turn leads investors to perceive the positive non-financial information to be more positive, which
further counteracts the effect of the negative financial information. Extending the literature on
impression management, I predict that user engagement is the mediator of the effect of user
interactivity and graphical vividness on nonprofessional investors’ impressions of a firm’s
performance. Formally, I propose:
H3: On a digital annual report platform where financial information signals bad
news and non-financial information signals good news, user engagement
will mediate the effects of user interactivity and graphical vividness of the
presented non-financial information on nonprofessional investors’
perceptions of firm performance.
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3.3 Method
3.3.1 Participants
Participants in this study were 565 nonprofessional investors recruited from M-Turk,28 of
which 497 participants were randomly assigned to the initial four experimental conditions and
another 68 participants were assigned to a control condition. I strategically selected the M-Turk
platform to recruit participants, as this platform allows researchers to reach a geographically and
demographically diverse participant pool with considerable variation in age because
nonprofessional investors are a diverse group ranging from Millennials (ages 18-34), to Gen
Xers (ages 35-50), to Boomers (ages 51-69) (FINRA 2015). These individuals have “a
reasonable knowledge of business and economic activities” (FASB 2010, par. QC32). As
suggested by Rennekamp (2012), I use a total of 10 multiple-choice questions on annual report
familiarity and investment knowledge to prescreen the participants from M-Turk (see Appendix
A). Participants have a total of five minutes to answer the 10 questions; I deem participants with
at least seven correct answers as possessing a sufficient level of financial literacy to process
information in annual reports. M-Turk participants who passed the qualification test and
completed my study in one sitting were paid $2.50.29
Of the participants, 58.4 percent were male and the average age was 36.5. On average,
participants had traded 15.3 times in the past two years in individual stocks or mutual funds;
participants had evaluated a company’s performance by analyzing its financial statements an

28

Rennekamp (2012) discusses the use of M-Turk for experimental accounting research on the population of
nonprofessional investors. Farrell, Grenier, and Leiby (2016) examine the quality of M-Turk workers and find that
they are as motivated as student participants to make costly choices. Additionally, compared with student
participants, the study finds that M-Turk workers exert sufficient effort in research tasks and provide honest
demographic information.
29

On average, the study took participants 14 minutes and 55 seconds. The payment of $2.50 thus equates to an
hourly payment rate of $10.31.
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average of 17.2 times (including class projects). The average accounting-related work experience
was 23.4 months. Participants spent 62.7 minutes on social media per day. Table 3. 1 presents
participants’ demographics by conditions. Sample statistics (untabulated) demonstrate no
significant differences in participant demographics across the five conditions, indicating that
random assignment to experimental conditions was effective. Further, there is no evidence that
the control condition has a different demographic pattern compared with the experimental
conditions.30
Table 3. 1
Participants’ Demographics by Conditions – Essay 2
Frequency or Mean (Standard Deviation)

Trade

Evaluate
Performance

Accounting
Work
Experience

Social
Media

Condition

Gender

Average
Age

Non-interactive/
Pallid

Male = 78
Female = 48

35.02
(10.30)

18.09
(91.69)

12.44
(32.59)

21.61
(44.72)

61.73
(57.18)

Non-interactive/
Vivid

Male = 68
Female = 55

37.15
(10.94)

10.31
(31.14)

33.67
(167.50)

27.61
(61.03)

63.76
(63.11)

Interactive/
Pallid

Male = 78
Female = 52

35.61
(10.64)

19.10
(53.86)

15.95
(51.33)

17.49
(33.27)

64.37
(83.94)

30

A Chi-Square test on gender distribution demonstrates males and females are equally distributed among the five
conditions (χ2 = 1.711, df = 4, p = 0.789). One-way ANOVA tests show significant group difference for age (F =
2.402, p = 0.049), which is driven by the age difference between the control group and the average of the four
experimental groups (F = 6.878, p = 0.009). However, there is no significant group difference for age among the
four experimental groups (F = 0.466, p = 0.706). One-way ANOVA analyses on investment-related experience
measures show insignificant differences between group means for the number of stock and mutual fund investments
(F = 0.528, p = 0.715) and times in evaluating financial performance (F = 1.563, p = 0.183). The one-way ANOVA
test on accounting-related work experience in months show no evidence on group differences (F = 0.952, p = 0.434).
The last ANOVA test on social media activeness demonstrates no significant group differences (F = 0.052, p =
0.995).
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Table 3. 1 (Continued)
Interactive/
Vivid

Male = 69
Female = 49

36.31
(10.44)

13.90
(40.13)

10.36
(29.08)

23.58
(59.77)

61.66
(55.59)

Control
Condition

Male = 37
Female = 31

39.65
(11.80)

12.07
(33.87)

10.41
(25.02)

29.90
(55.27)

61.28
(57.61)

Trade = The number of times participants had traded in the past year in individual stocks or mutual funds.
Evaluate Performance = The number of times participants had evaluated a company’s performance (including
class projects) by analyzing its financial statements.
Accounting Work Experience = Participants’ accounting-related work experience in months.
Social Media = The total minutes per day that participants spent on social media.

3.3.2 Materials and Experimental Procedure
To test the hypotheses, I employ a 2 x 2 + 1 between-participants design. The first factor,
user interactivity in the presented non-financial data, is manipulated at two levels: interactive and
non-interactive. The second factor, vividness of the visualization of the non-financial data, is
manipulated at two levels: infographics (vivid) and bar charts (pallid). I also add a control
condition in which the style of presentation of non-financial data is exactly the same as that of
the financial data. The purpose of the control condition is twofold: (1) to test whether positive
non-financial news counteracts the effect of negative financial news even when the information
is presented in the same way as the financial news, and (2) to test whether the presentation of
non-financial information using interactive and vivid graphs has an incremental effect over
presenting the same information in a manner consistent with the financial information
presentation.
I collected participants’ demographic information before providing the experiment
instructions. Participants were instructed to assume the role of an investor considering a
hypothetical company operating in the retail industry – Kylomart. They were provided with
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summary background information on the company and its industry. Participants then received
information on two major events regarding Kylomart in 2015: the firm implemented a customer
relationship management (CRM) system and started providing its digital annual report on its
website. Next, participants were directed to the financial section of Kylomart’s digital annual
report. For financial performance indicators, the following data were presented from 2011 to
2015: total revenues, diluted earnings per share, operating earnings, and net earnings. These
indicators were presented on bar charts with a blue background and white bars for all conditions.
The common message in the financial section was that for each indicator, the financial
performance in 2015 was the worst among all years (with at least a 10 percent drop from the
average of the previous four years). Subsequently, participants indicated their initial perception
of the company’s news on a scale from -5 (“very bad news”) to +5 (“very good news”) (Koonce
and Lipe 2010; Rennekamp 2012).31
I introduced the main task and manipulations when participants moved to the nonfinancial section of the digital annual report. The four performance indicators in the nonfinancial section were customer satisfaction ratio, customer retention ratio, innovation index, and
customer loyalty.32 They were selected according to the customer-related performance indicators
in Coram et al. (2009) and the innovation indicators in Cohen et al. (2011). For the five
conditions, the message in all four non-financial indicators was positive, demonstrating at least
more than a 10 percent improvement in 2015 over the prior year.

A t-test comparing participants’ responses on this question to the neutral midpoint of zero reveals that participants
on average perceived the financial news as bad news (Mean Difference = - 1.812, t = - 30.064, p < 0.001).
31

Innovation index was described as the “number of customers that help test and refine new ideas: 2011 – 2015,”
and customer loyalty was described as the “number of customers who are enrolled in the loyalty program: 2011 –
2015.”
32
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For the interactivity manipulation, participants were able to control their view of nonfinancial information (i.e., information from 2011 to 2015) by clicking buttons in the menu to see
detailed cross-year information. Buttons in the subsections allowed the participant to return to
the main menu.33 In the non-interactive conditions, participants were presented all of the
graphics for the four non-financial indicators on a single page; they could not control or alter
their views of the visualizations. I manipulated vividness by modifying the type of visualization
in the graphical data. In the vivid condition, infographics tied symbols to related data items: a
green happy face indicated customer satisfaction; a red heart indicated customer retention; a red
human-shape indicated innovation; and a blue diamond signified customer loyalty. In contrast,
the presentation in the pallid condition used only bar charts with different colored bars to present
the same information. The control condition simply presented non-financial data in the same
manner as the financial data (vertical blue bar charts); however, the scales of the graphs were
removed to ensure that its graphical components were equivalent to those in the experimental
conditions.
After viewing the non-financial information, participants were directed to a new page
where they indicated their final judgments regarding their perceptions of the news. Additionally,
participants evaluated the future earnings growth potential on a scale from -5 (“poor”) to +5
(“good”) (Kelton and Murthy 2016). They also indicated the likelihood that they would invest in
the stock and recommend the stock to a friend, on two separate 0 – 100 percent scales.
Participants next answered two questions about their estimation and perception of the time spent

33

To control for the quantity of the information exposed to participants across all conditions, I require participants in
the interactivity conditions to access all four non-financial items before moving to the next section. Participants’
click patterns indicate that the total number of clicks is greater than the number of participants for each non-financial
item, demonstrating the effectiveness of this experimental control.
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on the non-financial section of the digital annual report and two manipulation check questions on
display interactivity and vividness on two separate 11-point scales ranging from 0 (“not at all
interactive/vivid”) to 10 (“extremely interactive/vivid”). Subsequently, they responded to 22
randomly presented seven-point scale survey questions regarding the design of Kylomart’s
digital annual report34 and one five-point scale question on their overall impression of the
information presented. Finally, they completed eight 10-point scale questions in the postexperiment questionnaire regarding their perceptions of the importance of the four financial and
four non-financial indicators received in the experiment. The full experimental instrument is
included in Appendix C.
3.3.3 Dependent Variables and Mediators
To test the effects of interactivity and vividness on participants’ perceptions of firm
performance, following the approach in Elliott, Hodge, and Sedor (2012), I use participants’
finalized perceptions of the news after the experimental manipulations as the main dependent
variable and participants’ initial perceptions of the financial news before the experimental
manipulations as a covariate.35 The main dependent variable represents the strength of
impression management through the counteracting effects of the positive news in the nonfinancial data graphs given the negative news in the financial data graphs. In addition,
participants’ perceptions of firm’s future earnings growth potential, the likelihood that

34

Among the 22 survey questions, 20 questions measure user engagement. The two additional questions are an
attention check question and a marker question measuring shopping preferences, which is an irrelevant construct and
thus should not load on any factor relating to user engagement.
35

Edwards (2001) identifies ten problems in the use of difference scores (i.e., pre- and post- differences as one
variable) as dependent variables, including low reliability and low power. The study suggests researchers use the
ANCOVA method that tests the post-score as the dependent variable by controlling for the pre-score as a covariate.
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participants would invest in the stock, and recommend the stock to a friend are three additional
dependent variables included in the path analyses.
The first mediator in this study is distortion of task time, which represents a cognitive
reaction effect related to the degree of user engagement. For example, highly engaged users
usually estimate their time spent on a task as being significantly less than their actual time spent.
The distortion of task time is reflected as they perceive spending little time after conducting a
time-consuming task.36 Therefore, users’ distortion of task time can be measured as actual time
spent minus their estimated time (Webster and Ho 1997). To measure participants’ distortion of
task time, I asked participants to estimate their time spent on the non-financial section using a 0
to 300 seconds scale,37 and I measure their distortion of time as the actual time spent, captured
by system time stamps, minus their estimated time.
The second mediator, user engagement, represents participants’ experience when
browsing the digital annual report. User engagement is a construct measured by four factors:
focused attention, perceived usability, aesthetics, and satisfaction (O’Brien and Toms 2010,
2013; Wiebe et al. 2014). I adapted and modified the measurements of the four factors by
creating a 20-item survey to capture participants’ user engagement when reviewing the digital
annual reports. 38 A Cronbach’s Alpha of 0.892 confirms that the 20-item measurements of user

The audience’s reaction to the time spent on professional sports game is a real-world example on the ideas of
measuring user engagement. For an exciting game (i.e., high user engagement), the audience may react with
comments such as “the first half of the game feels like five minutes with all kinds of highlights and creative moves.”
For a boring game (i.e., low user engagement), the audience may react with totally opposite comments such as “the
entire first half feels like half of the day, and I wish this game could have ended right now.”
36

37

Four participants spent more than 300 seconds in the experiment task, but their estimated time spent are all below
300 seconds. Therefore, the 0 to 300 seconds scale in measuring participants’ estimated time is valid.
38

Among the 20 survey items of user engagement, all items are positively worded except the five items for
perceived usability that are negatively worded. To simplify the interpretations of the perceived usability factor, I
reverse-coded the responses to those survey questions. Therefore, higher scores on the perceived usability measure
represents participants’ perception that the non-financial information is more useful.
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engagement in my study has a high scale reliability (Nunnally 1978, 245), and user engagement
is highly related to participants’ overall impressions of the non-financial graphs in the
experiment (Pearson Correlation = 0.670, p < 0.001) but unrelated to a distant construct:
shopping preferences (Pearson Correlation = - 0.063, p = 0.161). Thus, I measure user
engagement using a composite score that takes the average of the 20 items.
3.4 Results
3.4.1 Attention Checks and Manipulation Checks
The initial sample includes 621 participants from M-Turk. One concern with the use of
participants from the M-Turk platform is that they may not pay adequate attention to the task and
might simply “click through” the instrument to get paid. Two attention check questions were
used to confirm that participants sufficiently attended to the experimental task. The first attention
check question asked participants to move a slider question to “2011” right before they saw the
financial performance graphs. Two participants failed this attention check. The second attention
check question asked participants to select “Somewhat disagree” in a survey question when they
were providing feedback on their experience with the digital annual report. Sixteen participants
failed this attention check question. I removed these 18 participants from further analyses.
Two manipulation check questions were used to confirm that participants understood the
user interactivity and graphical vividness designs in the non-financial section of the experiment.
The first manipulation check question asked participants to assess the level of user interactivity
of the presentation. ANOVA results for the experimental conditions show that participants in the
interactive condition on average assessed user interactivity significantly higher than those in the
non-interactive condition (F = 283.73, p < 0.001). Thirteen participants in the interactive
condition failed this manipulation check, given that they indicated the presentation was not very
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interactive (a score of 0, 1, or 2 on a 0 to 10 scale). Additionally, participants in the control
condition on average perceived their presentations to be significantly less interactive than those
in the experimental conditions (F = 27.73, p < 0.001). The second manipulation check question
required participants to indicate the level of display vividness of the graphs. ANOVA results
show that participants receiving vivid graphs on average assessed graphical vividness higher than
those receiving pallid graphs (F = 13.32, p < 0.001). Six participants in the vivid condition failed
this manipulation check, given that they indicated that the presentation was extremely pallid (a
score of 0, 1, or 2 on a 0 to 10 scale). Participants in the control condition on average perceived
their presentations to be significantly less vivid than those in the experimental conditions (F =
45.88, p < 0.001). Therefore, I excluded from further analyses 19 participants who failed either
of the two manipulation check questions.
Next, given that more than 95 percent of the participants spent between 13 and 500
seconds on viewing the non-financial section in the experiment, I removed 19 participants who
took less than 13 seconds or longer than 500 seconds to complete that section. My final sample
comprises 565 participants with 497 participants in the experimental conditions and 68
participants in the control group.39
3.4.2 Preliminary Analyses of the Counteracting Effect of Non-Financial Data
First, I test whether presenting non-financial good news counteracts the negative effects
of financial bad news using both the control condition and the experimental conditions.
Preliminary analyses (untabulated) reveal that the mean of participants’ perceptions of the news
after the non-financial data presentation (hereafter: Finalized Perception) in the control condition

39

Inferences from the tests of hypotheses are qualitatively unchanged if the observations removed due to attention
check failures, manipulation check failures, and completion time outliers are included.
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is significantly greater than zero (Mean Difference = 0.56, t = 2.662, p = 0.010). The grand mean
of the experimental conditions for Finalized Perception is also greater than zero (Mean
Difference = 1.04, t = 12.786, p < 0.001). Additionally, Finalized Perception is significantly
higher than participants’ initial perceptions of the financial news (hereafter: Initial Perception)
for both the control condition (Mean Difference = 2.53, t = 15.274, p < 0.001) and the
experimental conditions (Mean Difference = 2.83, t = 35.622, p < 0.001). These results indicate
that the positive non-financial information had a significant counteracting effect on participants’
judgments, even when it is presented in the same fashion as the negative financial information.
I next use the control condition as a benchmark to test the incremental counteracting
effects when implementing interactive presentations and vivid graphs in the experimental
conditions. Preliminary analyses (untabulated) on Finalized Perception shows that grand mean
of the experimental conditions is significantly higher than the mean of the control condition
(Mean Difference = 0.48, t = 2.069, p = 0.039). A series of contrasts that compare the mean of
each experimental condition with that of the control condition shows that Finalized Perception is
only significantly higher when participants received both interactive presentations and vivid
graphs (Mean Difference = 0.70, t = 2.561, p = 0.011). The results demonstrate that the joint
effect of user interactivity and graphical vividness is the major force that drives the incremental
counteracting effects of non-financial information. This preliminary finding provides initial
evidence of the hypothesized interaction effect of user interactivity and graphical vividness.
3.4.3 The Effects of User Interactivity and Graphical Vividness – H1 and H2
I predict that the presence of user interactivity increases nonprofessional investors’
perceptions of firm performance (H1). I also predict an interaction effect between user
interactivity and graphical vividness, such that the positive effect of user interactivity is stronger
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when the graphical presentation is vivid rather than pallid (H2). To test the two hypotheses, I
conduct a two-way analysis of covariance (ANCOVA) using Finalized Perception as the
dependent variable and Initial Perception as a covariate.40 Panel A of Table 3. 2 presents the cell
sizes, means, and standard deviations across experimental conditions and the control condition
for Finalized Perception. Panel B of Table 3. 2 presents the results of the ANCOVA test, and
Panel C presents the results of the simple effect tests for the interaction effect.
Table 3. 2
The Effects of Interactivity and Vividness on Finalized Perception
Panel A: Mean (Standard Deviation)
Graphical Vividness
Interactivity
Non-interactive

Interactive

Column Means

Pallid
1.07

Vivid
0.80

Row Means
0.94

(1.93)
n=126

(1.79)
n=123

(1.86)
n=249

1.05

1.26

1.15

(1.68)
n=130

(1.87)
n=118

1.06

1.02

(1.80)
n=256

(1.84)
n=241

(1.77)
n=248
Grand Mean
1.04
(1.82)
n=497

Control Condition:
0.56
(1.73)
n=68

To investigate the possibility of systematic variation in the participants’ initial perceptions due to a failure in
randomization, I conduct a two-way ANOVA analysis by the two experimental factors on participants’ initial
perceptions to confirm the effectiveness of randomization. The results show no significant difference among the
experimental conditions in participants’ initial perception of firm performance (F = 0.085, p = 0.968).
40
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Table 3. 2 (Continued)
Panel B: ANCOVA Results
Source of
Variation
SS
Interactivity
4.701
Vividness
0.005
Interactivity *
7.992
Vividness
Covariate
Initial Perception
308.091
Error
1316.764

Fstatistic
1.757
0.002
2.986

df
1
1
1

MS
4.701
0.005
7.992

1
492

308.091
2.676

115.116

p-value
0.093*
0.967
b
0.043**
b

<0.001***

Panel C: Simple Effect Results
Simple Effectsa
1. Effect of Interactivity given
Vivid graphs
2
2. Effect of Interactivity given
Pallid graphs
*significant at 0.10 **at 0.05
***at 0.01
a

Mean Difference
0.448

Standard
Error
0.211

-0.60
- 0.059

115
0.205

p-valueb
0.017**
0.274
0.773

Simple effects were assigned as follows:
1: 0 for non-interactive/pallid, -1 for non-interactive/vivid, 0 for interactive/pallid, +1 for interactive/vivid.
2: -1 for non-interactive/pallid, 0 for non-interactive/vivid, +1 for interactive/pallid, 0 for interactive/vivid.

Finalized Perception = Represents participants’ final perception of firm performance after receiving the
manipulations on non-financial information.
Interactivity = 1 if the interactivity function is provided for non-financial data; 0 no interactivity function is
provided.
Vividness = 1 if non-financial data is presented on infographics; 0 if non-financial data is presented on bar charts.
Initial Perception = Represents participants’ initial perception of firm performance before receiving the
manipulations on non-financial information.
b

p-values are one-sided because of directional prediction

The results support H1 with a marginally significant group difference in the main effect
of interactivity (F = 1.757, p = 0.093, one-tailed), indicating that the counteracting effect of nonfinancial good news is stronger when the user interactivity function is present compared to when
it is absent. Although the main effect of graphical vividness is insignificant (F = 0.002, p =
0.967), the interaction effect between user interactivity and graphical vividness is significant (F =
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2.986, p = 0.043, one-tailed). Two follow-up simple effect tests demonstrate that the effect of
user interactivity depends on the level of graphical vividness: When the non-financial graphs are
vivid, the effect of user interactivity is positive and significant (Simple Effect 1, Mean
Difference = 0.448, p = 0.017, one-tailed), but the effect of user interactivity is insignificant
when the graphs are pallid (Simple Effect 2, Mean Difference = - 0.059, p = 0.773). Figure 3. 2
shows the plot of the simple effect results. Therefore, H2 is supported with both the interaction
effect and the follow-up simple effects; thus, the marginally significant main effect results in H1

Finalized Perception of the News

should be interpreted with caution.
2

1.5

Non-interactive

1

Interactive
Control Condition

0.5

0
Pallid

Vivid

Dependent Variable:
Finalized Perception = Represents participants’ final perception of firm performance after receiving the
manipulations on non-financial information (an 11-point scale with endpoints labeled - 5 = Very Bad News and + 5
= Very Good News).
Experimental Conditions:
Non-interactive = if non-financial data graphs are presented on a long page.
Interactive = if non-financial data graphs are presented on an interactive menu with buttons.
Pallid = if non-financial data is presented on pallid bar charts.
Vivid = if non-financial data is presented on vivid infographics.

Figure 3. 2 Simple Effect Results Plot for H2
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3.4.4 Mediating Effects of User Engagement – H3
I use a path model to test H3 to confirm the existence of mediation effects of user
engagement (hereafter: User Engagement) through participants’ distortion of time (hereafter:
Time Distortion). For the dependent variables in the model, in addition to Finalized Perception, I
include participants’ perceptions on the firm’s future earnings’ growth potential (hereafter:
Growth), participants’ decisions on whether to invest in the firm’s stock (hereafter: Invest), and
participants’ recommendation to a friend that s/he invest in the firm’s stock (hereafter:
Recommend) as three additional dependent variables.
Table 3. 3 presents the correlation matrix of the path model, and Figure 3. 3 presents the
path diagram that tests H3. Following Hair et al. (1998), I investigate several model fit indices to
confirm that the path model has a good fit. First, the minimum discrepancy divided by degrees of
freedom (χ2/df) is 1.86 and is under the cut-off point of 3.00. Second, a comparative fit index
(CFI) of 0.99 exceeds the cut-off point of 0.90 (Hu and Bentler 1999). Third, the root-meansquare error of approximation (RMSEA) is 0.041, and the standardized root-mean-square
residual (SRMR) is 0.039, representing a good fit (Browne and Cudeck 1993).
I find evidence of a mediation effect of user engagement between user interactivity and
participants’ perceptions of firm performance. According to Baron and Kenney (1986) and
Hayes (2009), a mediator must be impacted by at least one of the two factors or their interaction
effect. Although the main effect of vividness (Vividness) and the interaction effect
(Interactivity*Vividness) are both insignificant, user interactivity (Interactivity) has a significant
effect on Time Distortion (Path Coefficient = 0.107, p = 0.043, one-tailed). Interestingly, the
effect from Time Distortion to User Engagement is negative but significant (Path Coefficient =
- 0.110, p = 0.013).
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Table 3. 3
Correlation Matrix of the Path Model for Essay 2
Mean

St. Dev

1

1. Interactivity

0.499

0.501

1.000

2

3

4

5

6

7

2. Vividness
3. Interactivity
*Vividness
4. Time
Distortion
5. User
Engagement
6.Initial
Perception
7. Finalized
Perception

0.485

0.500

-0.018

1.000

0.237

0.426

0.559***

0.575***

1.000

-48.276

62.704

0.112***

-0.040

0.043

1.000

3.948

0.720

0.033

0.051

0.033

-0.110***

1.000

-1.791

1.470

0.017

-0.015

-0.002

-0.148***

0.031

1.000

1.042

1.817

0.059*

-0.009

0.068*

-0.057

0.117***

0.434***

1.000

8

9

8. Growth

1.855

1.569

0.054

0.038

0.073*

-0.062*

0.212***

0.332***

0.650***

1.000

9. Invest

55.433

22.625

0.141***

0.023

0.119***

-0.088**

0.270***

0.291***

0.603***

0.746***

1.000

10. Recommend

46.847

25.003

0.144***

0.010

0.115***

-0.092**

0.250***

0.315***

0.575***

0.679***

0.905***

*, **, *** Indicate one-tailed significance (given directional predictions) at less than 0.10, 0.05, and 0.01 levels, respectively.
Interactivity = 1 if the interactivity function is provided for non-financial data; 0 no interactivity function is provided.
Vividness = 1 if non-financial data is presented on infographics; 0 if non-financial data is presented on bar charts.
Time Distortion = Represents participants’ actual time spent (in seconds) on the non-financial section minus their estimation of time spent.
User Engagement = A 20-item composite measure that represents participants’ task engagement when viewing the non-financial information.
Initial Perception = Represents participants’ initial perception of firm performance before receiving the manipulations on non-financial information.
Finalized Perception = Represents participants’ final perception of firm performance after receiving the manipulations on non-financial information.
Growth = Represents participants’ indicated future earnings growth potential for Kylomart.
Invest= Represents participants’ likelihood of invest in Kylomart’s stock.
Recommend = Represents participants’ likelihood of recommend a friend to invest in Kylomart’s stock.
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1.000

Initial
Perception

Interactivity
- 0.023

0.107**
Vividness

- 0.043

Time
Distortion - 0.110**

0.008

User
Engagement

0.105***
- 0.001

Future
Earnings

0.431***

0.634***

Finalized
Perception

0.580***

Invest

0.554***
0.124**

Interactivity
* Vividness

Recommend

*, **, *** Indicate one-tailed significance (given directional predictions) at less than 0.10, 0.05, and 0.01 levels,
respectively (except for the link from Time Distortion to User Engagement).
Variable Definitions:
Interactivity = 1 if the interactivity function is provided for non-financial data; 0 no interactivity function is
provided.
Vividness = 1 if non-financial data is presented on infographics; 0 if non-financial data is presented on bar charts.
Time Distortion = Represents participants’ actual time spent (in seconds) on the non-financial section minus their
estimation of time spent.
User Engagement = A 20-item composite measure that represents participants’ task engagement when viewing the
non-financial information.
Initial Perception = Represents participants’ initial perception of firm performance before receiving the
manipulations on non-financial information.
Finalized Perception = Represents participants’ final perception of firm performance after receiving the
manipulations on non-financial information.
Growth = Represents participants’ indicated future earnings growth potential for Kylomart.
Invest= Represents participants’ likelihood of invest in Kylomart’s stock.
Recommend = Represents participants’ likelihood of recommend a friend to invest in Kylomart’s stock.
Solid (dotted) lines represent significant (insignificant) standardized path coefficients.

Figure 3. 3 Path Analysis Results for the Mediation Effects of User Engagement

Subsequent analyses on Time Distortion shows that participants on average estimated
their time spent on viewing the non-financial graphs to be 17 seconds longer than their actual
time spent on the task (p < 0.001), demonstrating that my experimental task captures the lower
bounds of user engagement. The negative path coefficient between Time Distortion and User
Engagement indicates that the perception of spending more time in a low engaging task indicates
an increase in user engagement.
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Next, the effect of User Engagement on Finalized Perception (Path Coefficient = 0.105,
p = 0.005, one-tailed) is positive and significant. Given the significant path coefficients, User
Engagement is the mediator between Interactivity and Finalized Perception. Further, the
mediation effect also has significant impacts on the three dependent variables, as indicated by the
significant path coefficients on Growth (Path Coefficient = 0.634, p < 0.001, one-tailed), Invest
(Path Coefficient = 0.580, p < 0.001, one-tailed), and Recommend (Path Coefficient = 0.554, p <
0.001, one-tailed). Therefore, H3 is supported, with an unexpected finding in that the availability
of user interactivity appears to have the effect of decreasing the degree of user engagement
thereby influencing nonprofessional investors’ perceptions of firm performance, earnings
growth, and stock investment decisions. In addition to the results in testing H3, the path model
shows a significant positive direct effect from Interactivity*Vividness to Finalized Perception
(Path Coefficient = 0.124, p = 0.034, one-tailed). In summary, path analyses demonstrate that
user interactivity indirectly decreases participants’ perceptions of firm performance through the
mediating effect of user engagement, and its interaction effect with graphical vividness directly
increases participants’ perceptions of firm performance.41
3.4.5 Additional Analyses
To further investigate the unexpected negative effect from Time Distortion to User
Engagement when testing H3, I examine the four sub-factors that contribute to the construct of
user engagement: focused attention, perceived usability, aesthetics, and satisfaction. I modify the
path model that tests H3 by replacing User Engagement with four variables: Focused Attention,

41

I conduct robustness tests by using a difference score (hereafter: Perception Difference) that uses Finalized
Perception minus Initial Perception as the main dependent variable of interest in the same path model that tests H3.
Results are qualitatively similar with the findings in the main analyses: User Engagement positively impacts
Perception Difference (Path Coefficient = 0.095, p = 0.016, one-tailed), and Interactivity*Vividness positively
influences Perception Difference (Path Coefficient = 0.130, p = 0.043, one-tailed).
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Perceived Usability, Aesthetics, and Satisfaction, and each variable is measured by the average
score of five survey items.42 Figure 3. 4 shows parts of the path model that help explain the
unexpected findings in H3.
Contrary to the predictions in high engaging tasks such as video gaming or online
shopping, in my task Time Distortion is negatively associated with Focused Attention (Path
Coefficient = - 0.158, p < 0.001), Aesthetics (Path Coefficient = - 0.076, p = 0.088), and
Satisfaction (Path Coefficient = - 0.094, p = 0.035). Among the three sub-factors that are
influenced by Time Distortion, Satisfaction further impacts Finalized Perception (Path
Coefficient = 0.127, p = 0.031). Given that Interactivity positively impacts Time Distortion, the
negative mediation effect of User Engagement when testing H3 can be explained by participants’
lack of satisfaction in their experience of viewing non-financial graphs when interactive buttons
are provided without vivid graphs. In contrast, adding vivid graphs to interactive buttons helps
participants maintain their levels of user engagement and directly increases their perceptions of
firm performance. In sum, the findings demonstrate that the combined effect of user interactivity
and graphical vividness overcomes the negative effect when one of the factors is absent and
provides evidence of the synergistic nature of the two factors.

A series of Cronbach’s Alpha tests demonstrate a high scale reliability for all the four-sub factors (all Cronbach’s
Alpha > 0.7) (Nunnally 1978, 245).
42
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Focused
Attention

- 0.158***
0.050
Time
Distortion

Perceived
Usability

Initial
Perception

0.040
- 0.033
0.001
- 0.057

- 0.076*

0.432***

Finalized
Perception

Aesthetics
0.127**

- 0.094**

Satisfaction

*, **, *** Indicate two-tailed significance at less than 0.10, 0.05, and 0.01 levels, respectively.
Variable Definitions:
Time Distortion = Represents participants’ actual time spent (in seconds) on the non-financial section minus their
estimation of time spent.
Focused Attention = A composite score that represents participants’ attention spent on viewing the presented nonfinancial data graphs.
Perceived Usability = A composite score that represents participants’ perceived usefulness of the digital annual
report that presents non-financial data graphs.
Aesthetics = A composite score that represents participants’ perceived quality of the design of the non-financial
data graphs.
Satisfaction = A composite score that represents participants’ experience when viewing the presented non-financial
data.
Initial Perception = Represents participants’ initial perception of firm performance before receiving the
manipulations on non-financial information.
Finalized Perception = Represents participants’ final perception of firm performance after receiving the
manipulations on non-financial information.
Solid (dotted) lines represent significant (insignificant) standardized path coefficients.

Figure 3. 4 Path Diagram for the Unexpected Mediation Effects

A potential alternative explanation for the results is that participants in my study had a
differential preference for non-financial information over financial information. I conduct
additional analyses to rule out this alternative explanation. In the post-experiment questionnaire
(PEQ), participants were asked eight questions to indicate how much the financial and nonfinancial data affected their decisions of whether or not to invest in a company’s stock. I sum the
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difference between the participants’ perceived importance of the financial versus the nonfinancial data based on their responses to the eight questions in the PEQ for the two sample
groups. ANOVA results show no evidence among the experimental groups of a differential
preference for financial or non-financial data in stock investment decisions (Omnibus ANOVA F
= 1.425, p = 0.235, and the average observed power of the effects = 0.219). Therefore, I rule out
an alternative explanation that the results of testing hypotheses are driven by participants’
relative preferences for non-financial information over financial information.
3.5 Discussion and Conclusion
In this essay, I investigate whether interactive and vivid displays of non-financial
information in a digital annual report can sway investors when financial results are negative. I
design a setting in which a company has poor financial performance, which is presented first in
its digital annual report. Subsequently in the digital annual report, the company conveys good
news in non-financial information, which is presented in varying degrees of user interactivity and
display vividness. Extending the literature in impression management (Dhaliwal et al. 2011; Cho
et al. 2010, 2012), I investigate the degree to which alternative presentations of non-financial
information representing good news can influence the judgments and decisions of
nonprofessional investors when financial results are poor. Applying the theory of user
engagement from the virtual reality domain (Steuer 1992), I manipulate two major design
features in the digital annual report: user interactivity (interactive/non-interactive) and graphical
vividness (vivid/pallid) and measure nonprofessional investors’ user engagement as the
mediator. I find that graphical vividness moderates the effect of user interactivity: the positive
effects of interactive presentations manifest when the graphs are vivid but are absent when the
graphs are pallid.
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Leveraging the strength of an experimental design in which I measure intervening
variables theorized to explain the underlying mechanisms at play, I demonstrate the important
mediating role of user engagement in understanding the individual and joint effects of user
interactivity and graphical vividness in digital annual reports. When graphs are pallid, the effect
of user interactivity negatively impacts nonprofessional investors’ perceptions of a company’s
news through decreased user satisfaction. Second, the mediation effect of user engagement
affects participants’ assessments of the future earnings growth potential of the company and
likelihood of investing in the company’s stock and recommending the stock as an investment to a
friend. Third, the combined effect of user interactivity and graphical vividness positively affects
nonprofessional investors’ perceptions of a company’s news while maintaining the level of user
engagement.
This essay has both theoretical, experimental design, and practical contributions. I
examine a situation where managers have an incentive to alter disclosure characteristics: when
financial performance results are negative, but non-financial information is positive. Given this
situation, I contribute to the impression management literature by introducing two unique
features that influence nonprofessional investors’ impressions of a firm’s performance: flexibility
in user interactivity and attractiveness in graphical vividness. I contribute to the accounting
information systems literature as the study applies theories from the virtual reality and user
engagement research streams to investigate the effects of alternative ways of presenting
information in digital annual reports. I connect the non-interactive (Kelton et al. 2010) and
interactive (Dilla et al. 2010) data presentation literature streams by examining the interaction
effect of user interactivity and graphical vividness. I also identify the role of user engagement as
an intervening variable that connects the technology aspects of information displays (i.e.,
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interactivity and vividness) to the outcomes of investment-related judgments and decisions (i.e.,
perceptions of firm performance).
Regarding regulators’ concerns about the potential need for oversight pertaining to nonfinancial disclosures, the results indicate that when unregulated information such as nonfinancial information is presented to nonprofessional investors, this information does influence
their perceptions of firm performance to the extent that it counteracts the effect of the financial
information. Additionally, regulators should note that investors’ perceptions can be further
influenced through firm-designed data visualization mechanisms such as interactive menus and
vivid graphs. Whether auditor review or cautionary warnings can attenuate the influence of
interactive and vivid displays of non-financial information in digital annual reports are questions
I leave for future research. At a minimum, my results indicate that investor groups should be
aware that non-financial information in digital annual reports can influence their perceptions in a
positive direction even when the financial news is negative, and that certain forms of digital
displays of non-financial information in annual reports (i.e., those that are interactive and vivid)
can heighten the effect.
The results of this essay should be interpreted considering its limitations, which provide
opportunities for future research. First, the findings from this essay pertain only to the situation
where financial information signals negative news but non-financial information signals positive
news. In this scenario, I find that user interactivity and graphical vividness enhance
nonprofessional investors’ engagement in the task and apparently shift their focus from the
audited financial information to the unaudited non-financial information. Whether this shift in
focus is normatively “good” or “bad” is not a question my study was designed to address, and is
a potential avenue for future research. Future research could explore other scenarios where the
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financial news is positive but the non-financial news is negative, or when the financial and nonfinancial news are both consistently positive or negative. Second, in this essay, infographics is
the only operationalization of the graphical vividness construct. Future studies can investigate
other methods of manipulating graphical vividness. Finally, the essay’s manipulations are on
CRM-related non-financial data items. A common trait of these data items is that they all have
direct effects on financial performance in the near future. For example, improving customer
satisfaction in the current year will likely increase revenue in subsequent years. Future research
could manipulate the presentation of other non-financial data items that may not directly impact
short-term financial performance outcomes such as environmental or other corporate social
responsibility indicators.
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Chapter 4.

Essay 3: Can Visualizations Linked to Source Financial Information Mitigate
the Effect of Distorted Graphs?

4.1 Introduction
Companies are increasingly providing summarized financial performance information on
their investor relations websites. The Securities and Exchange Commission (SEC) believes that
such enhanced website disclosures should be valuable to investors in acquiring investmentrelated information and also recommends the use of graphical presentations to overview key
financial performance indicators as an efficient presentation format (SEC 2008; Tuttle and
Kershaw 1998). However, because the SEC does not specify any particular design principles for
the graphs, companies have the flexibility to create highly customized graphs, which may be
misleading (i.e., distorted graphs). Back in 2000, the Accounting Standards Board in the United
Kingdom issued a Discussion Memorandum suggesting specific standards for the use of graphs
of financial data in annual reports (ASB 2000). However, to date there are no formal standards
for graphs in annual reports in either Europe or North America. Indeed, evidence shows that
companies often include misleading graphs in their digital annual reports.43 Consequently, the
standard setters’ intention of providing relevant information to investors may be jeopardized by
managers’ use of distorted graphs. Unclear, however, is whether investors fall prey to the
graphical distortions employed by companies, and if so, whether the effects of distortions can be
mitigated through the use of debiasing mechanisms.

43

See Figure 4. 1 for examples of highly customized graphs that are misleading to varying degrees. I discuss Figure
4. 1 in more detail in the next section of the paper.
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The effectiveness of graphical information depends on the accuracy of the graphs in
representing the numerical facts. In a financial reporting context, managers can use three major
techniques to bias the graphical presentations as a means of managing investors’ impressions of
firm performance: presenting only favorable information, enhancing presentation dimensions,
and distorting graphical representations (Beattie and Jones 1992, 2000; Birnberg, Turopolec, and
Young 1983; Steinbart 1989). The last technique, distorting graphical representations, results in
measurement distortions (hereafter: graphical distortions), wherein the representations of the
quantitative values in the graphs are disproportionate to the contrasts in the numerical data
(Beattie and Jones 2002). Graphical distortions are present in annual reports for both US and
European firms (Tufte 1983; Steinbart 1989; Beattie and Jones 1992, 2000). The key financial
indicators most frequently presented on distorted graphs are revenue, net income, earnings-pershare (EPS), and dividends-per-share (DPS) (Pennington and Tuttle 2009).
Prior accounting literature on graphical distortions both demonstrates the negative impact
of such presentations on users’ judgments and decisions and suggests solutions to overcome
these effects. Arunachalam, Pei, and Steinbart (2002) find that manipulating the X-axis or the Yaxis usually produces the most powerful effect on investment-related decisions. Their study
indicates that exaggerating a favorable trend by 100% significantly reduces participants’ decision
accuracy. Pennington and Tuttle (2009) further investigate the role of memory in moderating the
effects of graphical distortions. They find that relying on memory recall of the graphs
exacerbates the effects of graphical distortions. To overcome the effects of distorted graphs, prior
literature suggests methods such as adding gridlines to line charts (Amer 2005), alerting users of
graphical distortions, requiring user justifications, and conducting user training sessions
(Raschke and Steinbart 2008). However, in the context of digital annual reports, these methods
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are ineffective. For example, gridlines often aggravate the effects of distorted bar charts; alerting
users, requiring justifications, and training sessions all require controlled settings that are not
realizable for nonprofessional investors. Therefore, the main research objective of this essay is to
utilize the technology features on digital annual reports (e.g., hyperlinks) to counteract the
decision-biasing effect of distorted graphs on nonprofessional investors.
Both risks and opportunities exist when using hyperlinks as a means of linking sources in
annual reports. Implementing hyperlinks is risky if the presented items are linked to information
with different levels of assurance (e.g., management letter and financial statements), and
nonprofessional investors assume that unaudited items are in fact audited (Hodge 2001). In
contrast, hyperlinking sources provides opportunities for efficient information searching among
related items and reduces cognitive effort without decreasing decision accuracy (Hodge 2004;
Kelton and Pennington 2012). From the standard setters’ point of view, the SEC believes that the
opportunities provided by using hyperlinks outweigh the risks of misusing hyperlinks (SEC
2008). For website disclosures, the SEC (2008) suggests companies use hyperlinks to connect
information sources, however, they also specifically suggest that companies alert users of the
location of the original source information when presenting summarized tables or graphs. Most
recently, the SEC (2017) released a final ruling, Release No. 33-10322--Exhibit Hyperlinks and
HTML Format, which requires filers to include a hyperlink to the exhibits of the statements and
reports in compliance with Regulation S-K.
On the digital annual report platform, the search-facilitating effect of linked sources can
potentially mitigate the decision-biasing effect of distorted graphs. According to the split
attention effect in cognitive load theory, cognitive load increases when decision makers have to
split their attention and mentally integrate information items located in multiple places (Chandler
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and Sweller 1992; Rose and Wolfe 2000). The split attention effect is reduced when information
sources are physically connected such as using hyperlinks to direct users’ attention. This is
because users are able to follow the paths of linked sources when searching information and save
effort from mentally integrating the sources (Seufert et al. 2007). Thus, applying the split
attention effect to distorted graphs in digital annual reports, I examine the following research
question: Does linking summarized graphs on digital annual reports with the respective detailed
(source) information on financial statements reduce the impact of graphical distortions on
nonprofessional investors’ perceptions of firm performance?
Dual-process theory of cognitive processing identifies two types of cognitive processing:
System 1 processing and System 2 processing (Kahneman and Frederick 2002; Evans 2006,
2008). System 1 processing (the “fast” system, consistent with intuitive processing) is invoked
when users make decisions based on intuition and heuristics; System 2 (the “slow” system,
consistent with analytical processing) is triggered when users make decisions based on logic and
analysis (Kahneman 2011). System 1 is automatically triggered as the default decision-making
system and is prone to heuristics, biases, and systematic errors (Zeelenberg et al. 2007). System
2 can potentially override the instincts of System 1 but requires inducements to activate it
(Milkman, Chugh, and Bazerman 2009). Prior accounting research finds that simply requiring
decision makers (e.g., auditors) to intrinsically exert more effort in complicated tasks (e.g., fair
value estimation) may not be effective to allow System 2 processing to override System 1
processing (Joe, Vandervelde and Wu 2017). However, the overriding effect is strong when it is
induced by framing the task (Farrell, Goh, and White 2014) or prompting documentation
performance (Earley, Hoffman, and Joe 2008).
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Applying the dual-process theory in this essay, I focus on the overriding effect of System
2 processing on System 1 processing (Evans 2006) as a mediator to explain nonprofessional
investors’ judgments and decisions when processing graphical presentations of financial
information with linked sources. Specifically, I propose that the overriding effect of System 2 is
stronger when graphical financial information is presented with hyperlinks than without
hyperlinks, because hyperlinks provide an easy mechanism for nonprofessional investors to
identify potential inconsistencies between graphs and the detailed financial statement
information. Thus, the second research question of the essay is: Can the debiasing effect of
providing links to the respective detailed (source) information be explained by the overriding
effect of System 2 processing?
To investigate these research questions, I design a 2 x 2 between-participants experiment
using 385 Amazon Mechanical Turk (hereafter: M-Turk) workers. I manipulate graphical
distortions (the presence or absence of a 300% Y-axis inflation on graphical presentations of
financial performance) and linked sources (the presence or absence of hyperlinks connecting the
graphical presentations to the income statement). Participants indicate their perceptions of a
hypothetical company’s performance, earnings growth potential, and provide their investment
recommendations.
The results indicate a debiasing effect of linked sources in that they mitigate the influence
of distorted graphs. I find that when hyperlinks are absent, graphical distortions bias participants’
perceptions of the financial performance news in favor of the firm (i.e., positive performance is
perceived to be more positive), but this decision-biasing effect is eliminated when hyperlinks are
present and used by participants. A mediation analysis shows that when graphs are distorted,
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hyperlinks induce the overriding effect of System 2 processing and eventually reduce
participants’ perceptions of the financial performance news.
The findings of this essay contribute to both the literature on distorted graphs and on
hyperlinks and are informative to both practice and regulators. First, the essay connects the
literature of distorted graphs with hyperlinks and proposes the use of hyperlinks as a debiasing
mechanism to mitigate the effect of distorted graphs. Second, the essay also informs
nonprofessional investors that using hyperlinks to access to multiple information sources reduces
their bias when processing graphical information that may be subject to distortions. Third, the
results of this essay support the SEC’s guidelines promoting the use of hyperlinks for annual
report disclosures (SEC 2017). The essay should also be of interest to standard setters
considering updating the SEC’s (2008) guidance on website disclosures.
The remainder of this essay is organized as follows. In the next section, I discuss the
background, prior literature, and hypotheses development. I then present the research method,
experimental procedures, and measurements of the variables. In the section that follows, I
present the predicted results for the test of hypotheses. In the last section, I discuss the
implications of this essay and suggest future research areas.
4.2 Background and Hypotheses
4.2.1 The Existence of Distorted Graphs on Digital Annual Reports
In its 2008 guidance of corporate website disclosures, the SEC encourages companies to
use graphs to illustrate key performance metrics from financial statements; the SEC believes that
such graphs with highlighted important information can be particularly helpful to investors in
making decisions (SEC 2008). Starting in 2012, an increasing number of companies present their
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key financial performance indicators graphically using bar charts or line charts on their digital
annual reports.
Because the SEC does not standardize the design choices of graphs on digital annual
reports, companies are able to design the graphs with a high degree of flexibility. In some
situations, the high flexibility of graphical design choices can result in misleading or distorted
graphs. First, a company can change the graph type it uses from one fiscal year to the next. For
example, for fiscal year 2014, Home Depot presented its change in net sales in a horizontal bar
chart; yet for fiscal year 2016, the company presented the same information with the picture of a
plant (See Panel A of Figure 4. 1). Second, presenting the scale of the graph’s Y-axis is not
mandatory. For example, P&G and Lowe’s both use bar charts for their financial performance
graphs; yet, the y-axis scale is absent for P&G but present for Lowe’s (See Panel B of Figure 4.
1). Third, and most importantly, because the scale of the graphs can be omitted, the graphs can
be distorted by stretching or condensing the hidden Y-axis. For example, Target experienced a
significant improvement in financial performance for fiscal year 2015. However, in fiscal year
2016 Target experienced a significant drop in performance. When comparing the graphical scale
of EBIT and net earnings across the two fiscal years, the scale for year 2016 is stretched,
ostensibly to soften the impact of a decrease in performance (See Panel C of Figure 4. 1). In
summary, although the increased use of graphics on digital annual reports follows the SEC’s
guidance, the issue of distorted graphs is a potential problem. Thus, investigating whether those
distorted graphs have a significant impact on nonprofessional investors’ investment-related
judgments and decisions is important. In addition, searching for solutions that can utilize
technology features on the digital annual report platform to mitigate the effect of distorted graphs
is valuable for users and regulators.
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Panel A: Home Depot Graphical Choices
Fiscal Year 2014

Fiscal Year 2016

Panel B: Present of Absent of the Graphical Scale
Present: Lowe’s

Absent: P&G

Panel C: Distorted Graphs in Target’s Annual Report
Fiscal Year 2015

Fiscal Year 2016

Figure 4. 1 Examples of Highly Customized Financial Performance Graphs
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4.2.2 Impression Management with Distorted Graphs
Presenting information graphically allows room for impression management as the
designer can bias the graphical presentations in multiple ways. The SEC’s recommendation of
displaying numerical summary information in graphs is grounded in cognitive fit theory, which
posits that graphical displays can portray an overview of the data, reducing decision time and
enhancing memory recall (Tuttle and Kershaw 1998). However, increasing processing efficiency
may lead to suboptimal decisions if graphs do not accurately represent the numerical facts. In the
financial disclosure context, managers are motivated to bias graphical presentations in an attempt
to manage investors’ impressions. In a study of the annual reports of the top 50 European
companies on the Fortune 500 list, Falschlunger et al. (2015) find that the graphs used
exaggerate rather than understate positive trends. They also find that graphs with longer time
sequences (greater than five years) invariably depict favorable trends. Most critically, the authors
conclude that graphical measurement distortions are applied on purpose for key financial
variables and also for non-key financial variables. Thus, the problem of graphical distortions in
annual reports appears to span the Atlantic.
The three common approaches of biasing graphical presentations are presenting only
favorable information, highlighting certain parts in graphs, and distorting graphical
representations (Beattie and Jones 1992). For the first approach, managers can selectively
include graphs for income and EPS when performance results are favorable, and exclude those
graphs when performance results are unfavorable (Beattie and Jones 2000). For the second
approach, managers can either enhance or suppress certain areas of displays to attract attention;
examples include presenting 3-D graphs on certain items or highlighting current year’s
information with a different color (Birnberg, Turopolec, and Young 1983). Last, measurement
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distortion, the most common approach of biasing the graphical design in annual reports (Beattie
and Jones 1992; Steinbart 1989), refers to the situation when the presentation of the graphs is not
proportionate to the numerical facts (Beattie and Jones 2002). For annual reports, the most
common key financial indices that appear on distorted graphs are revenue, income, earnings-pershare (EPS), and dividends-per-share (DPS) (Pennington and Tuttle 2009).
Among the three approaches to biased graphs, measurement distortion (i.e., distorted
graphs) is the focus of this study, and it is a problem that exists in the annual reports of both US
and non-US firms. Evidence of distorted graphs in annual reports exists in multiple countries
such as the United States (Steinbart 1989), United Kingdom (Beattie and Jones 1992), and the
Netherlands (Beattie and Jones 2000). The magnitude of graphical distortions is also substantial.
Frownfelter-Lohrke and Fulkerson (2001) apply the graph discrepancy index (Tufte 1983) to
assess the visual accuracy of the scales in the graphs of companies’ annual reports. The study
finds that US annual reports on average have an 81 percent deviation score from the accurate
scale, and the degree of deviation is 173 percent for non-US companies.
Graphical distortions in annual reports also affect nonprofessional investors’ investmentrelated judgments and decisions. Arunachalam et al. (2002) find that among a set of graphical
distortion methods, manipulating the scales of the X-axis or the Y-axis has the strongest effect on
investment choice decisions. For example, when the Y-axis is cut in half (i.e., to make the trend
appear to be twice as dramatic as when it is faithfully represented) for companies with a low
growth rate, participants’ investment decision accuracy is reduced by about 10 percent in a
within-participant experiment and about four percent in a between-participant experiment.
Pennington and Tuttle (2009) extend the findings of Arunachalam et al. (2002) by investigating
the moderating role of memory recall in enhancing the effect of graphical distortions on
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investors’ judgments and decisions, wherein memory recall was manipulated by allowing or
disallowing participants to access graphs when answering dependent variables. They find that the
requirement of memory recall increases the impact of graphical distortion.
Prior research has also investigated methods to mitigate the effects of graphical
distortions in financial performance indices. Amer (2005) finds that decision makers tend to
consistently underestimate or overestimate the values on line graphs, and adding horizontal
gridlines reduces this visual illusion effect. Raschke and Steinbart (2008) find that for decision
makers without prior task experience, alerting them that the graphs may be distorted or requiring
them to justify their choices does not mitigate the impact of graphical distortions. In contrast, a
30-minute training session on the rules in graphical design mitigates the impacts of graphical
distortions for all decision makers with or without prior task experience. However, participating
in the training session does not completely eliminate the impact of distorted graphs.
On the digital annual report platform, the methods presented in prior literature to mitigate
the effect of distorted graphs are either ineffective or difficult to implement. First, most
companies present their financial performance results using bar charts, and adding horizontal
gridlines on bar charts may aggravate the effect of distortions because gridlines highlight
contrasts across bars. Second, it is unrealistic to expect that investors, particularly
nonprofessional investors, would be willing to invest the time to participate in a training session
on graphical design before they access digital annual reports. In this study, I examine whether an
easily implementable technology solution—linking graphs to the source financial information—
can mitigate the effect of distorted graphs on nonprofessional investors’ perceptions.
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4.2.3 The Search-facilitating Effect of Linked Sources
One method of linking graphs to source financial information is by using hyperlinks. The
SEC’s guidance on website disclosures discusses the proper use of hyperlinks, and summarizes
both opportunities and risks of implementing hyperlinks (SEC 2008). The SEC highlights two
major opportunities: (1) hyperlinks allow users to connect to the desired information
immediately by simply clicking a button on a digital device; and (2) hyperlinks connect summary
information with detailed information and lead users to believe the two pieces of information are
delivered together.44 With respect to risks, the SEC discusses those related to (1) the context and
descriptions of hyperlinks, (2) the necessity of precautions when hyperlinks connect third-party
sources, and (3) the presentations of hyperlinks.
Prior accounting literature comparing the effects of hyperlinked versus hardcopy
documents on nonprofessional investors’ judgments has yielded mixed findings, perhaps due to
the presence of both opportunities and risks. Hodge (2001) investigates the SEC’s concern that
companies misuse hyperlinks to mislead investors by linking unaudited and audited sources
together. Hodge finds that participants confuse unaudited information as audited and perceive
greater earnings growth potential when using hyperlinks than when the same information is
presented in hardcopy form. However, he also finds that a prompt labeling audited versus
unaudited information on the body of the source information significantly reduces the hyperlink
effect.

The SEC uses the “envelope” theory as an analogy to describe the benefits when summary information is
hyperlinked with detailed information. When pieces of information from multiple sources are considered to be
delivered together, they should be placed in close proximity or linked together just like placing them in the same
envelope.
44
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Kelton and Pennington (2012) extend the research of Hodge (2001) by including the
presence or absence of the management letter in addition to the hyperlinks. In contrast to the
findings in Hodge (2001), the study finds that participants exert less cognitive effort when using
a hyperlinked format than when using a hardcopy format. The study also finds that a favorable
management letter influenced participants’ forward-looking judgments more when they receive it
in hardcopy form versus in hyperlinked form. To reconcile these conflicting findings, Kelton and
Pennington (2012) propose that hyperlinks provide structure to the information content, resulting
in enhanced task efficiency without reducing performance outcomes.
Both academics and standard setters have recognized the value of the search-facilitation
effect of hyperlinks for annual reports. For example, Hodge (2004) investigates whether
providing a search-facilitating technology assists nonprofessional investors in acquiring and
integrating financial information. The availability of the searching technology is manipulated as
presenting materials in a PDF format or in a searchable format (e.g., XBRL) with hyperlinks to
navigate among financial statements and footnotes. Using MBA students as proxies for
nonprofessional investors, the study finds that interacting with the searching technology
increases participants’ likelihood of acquiring and integrating information disclosed in the
footnotes. The study concludes that the implementation of search-facilitating technologies
enhances the transparency of financial statement information. The SEC also recognizes the
importance of implementing hyperlinks in Release No. 33-10322, Exhibit Hyperlinks and HTML
Format, and requires that filers include hyperlinks to the exhibits of the statements and reports in
compliance with Regulation S-K (SEC 2017).45 The intention of the requirement is to reduce the

45

The reports that are subject to the new requirement are reports under Item 601 of Regulation S-K or Forms F-10
or 20-F.
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complexity of accessing exhibits for investors and other users of the information, and the SEC
believes that the rule will reduce investors’ information search costs allowing them to make more
informed investment decisions (SEC 2016, 2017).
4.2.4 The Interaction Effect between Linked Sources and Distorted Graphs
The search-facilitation effect of hyperlinks can counteract the decision-biasing effect of
distorted graphs. The split attention effect in cognitive load theory predicts that attention is split
when decision makers mentally integrate multiple sources of information (e.g., text and graphs)
in different locations; the major outcome of the split attention effect is an increased cognitive
load (Chandler and Sweller 1992). For example, in a decision aid study, Rose and Wolfe (2000)
find that presenting instruction materials on multiple screens creates a split attention effect and
the resultant increased cognitive load further reduces users’ acquisition of knowledge from the
decision aid. Chandler and Sweller (1992) suggest that connecting information physically (e.g.,
combining text and diagrams) is one solution to mitigate the split attention effect. Seufert, Jänen,
and Brünken (2007) indicate that hyperlinking resources is an example of physical connection
and find that learning is increased when hyperlinks are provided as a navigational guide.
Specifically, hyperlinks increase users’ attention to relevant information and decrease users’
attention to irrelevant information.
On the digital annual report platform, if distorted graphs are linked to the associated
numbers on financial statements, investors should be able to detect the distortions because the
connection of the graphs with the sources should allow them to verify whether the graphs are
faithful representations of the underlying numbers in the financial statements. In contrast, if
distorted graphs and financial statements are not linked, investors will be less likely to integrate
the graphs with the source data and may accept the distorted graphs at face value due to the
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dispersed placement of graphs from the source data. As a result, the decision-biasing effect of
distorted graphs is weaker when hyperlinks are present versus absent. Therefore, I formally
hypothesize that:
H1: In the context of digital annual reports, the decision-biasing effect of
distorted graphs on nonprofessional investors’ perceptions will be weaker when
the graphs are linked to the respective numbers on financial statements than when
such links are absent.
4.2.5 The Overriding Effect of System 2 Processing on System 1 Processing
Dual-process theory identifies two types of cognitive processing: System 1 processing
and System 2 processing (Kahneman and Frederick 2002; Evans 2006). 46 Kahneman (2011)
describes System 1 as the “fast” system that is automatic and heuristics-based and System 2 as
the “slow” system that is controlled and analytical-based. System 1 has the ability to make
immediate decisions using limited information sources such as impressions or instincts.
However, because of the quick and unconscious nature of System 1 processing, it is often
suboptimal and prone to bias47 (Zeelenberg et al. 2007). Subsequently, System 2 plays a role in
potentially overriding the heuristics and biases introduced in System 1, but the system requires
inducement(s) to activate it, such as framing the task in a certain manner or providing decision
prompts. The overriding effect of System 2 on the initial impression formed from System 1
allows decision makers to deliberately weigh and evaluate relevant elements and eventually form
more optimal decisions (Milkman et al. 2009).
The overriding effect of System 2 processing on System 1 processing depends on the
strength of inducements that trigger and enhance System 2 processing. Prior accounting literature

46

The dual-process theory of cognitive processing has a long history and theoretical development in the psychology
literature (see Evans [2008] for a review).
47

Examples given include incorporating feelings as useful information or allowing emotions to influence decision
making.
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finds that simply requiring decision makers to intrinsically put more effort in tasks may induce
only weak System 2 processing that is not strong enough to overcome the instincts in System 1
processing. For example, Joe et al. (2017) find that when the level of client risk is high, auditors
have the tendency to reduce their effort in a fair value estimation if the client has a high degree
of quantitative evidence. However, this tendency is not reduced when auditors receive a
regulatory practice alert that reminds them to exert more effort.
In contrast, System 2 processing can effectively overcome the biases in System 1
processing by framing the tasks or prompting the decision makers. In a management accounting
setting, Farrell et al. (2014) find that when a decision context triggers emotions, the impact of
subconscious judgments are weaker under a performance-based contract versus a fixed wage
contract because the former contract induces a greater degree of System 2 processing. Earley et
al. (2008) use a decision prompt to induce System 2 processing by requiring auditors to evaluate
and document the detailed assessments of the client’s internal control over financial reporting.
They find that such a documentation requirement reduces auditors’ tendency to intuitively rely
on the conclusions from the client’s management.
Applying dual-process theory to the setting of digital annual reports, I predict that for
nonprofessional investors, hyperlinking graphs to their source will induce System 2 processing,
thereby causing investors to examine detailed information on financial statements and will
override System 1 processing that takes the face values of summarized graphs. In contrast to
when summarized graphs and detailed financial statement information are presented separately,
linking graphs to the underlying numbers in the financial statements will likely induce stronger
System 2 processing, which in turn will increase the likelihood that nonprofessional investors
will discover that the graphs are distorted and that the actual financial performance is not as
91

favorable as the graphs suggest. Thus, I hypothesize the mediation effect as the following two
hypotheses:
H2a: In the context of digital annual reports, the overriding effect of System 2
processing on System 1 processing is stronger when the graphs are linked to the
respective numbers on financial statements than when such links are absent.
H2b: The overriding effect of System 2 processing on System 1 processing
reduces the decision-biasing effect of distorted graphs on nonprofessional
investors’ perceptions.
4.3 Method
4.3.1 Participants
Participants for the study were 385 nonprofessional investors recruited from M-Turk.
Multiple studies have shown that M-Turk workers are valid proxies for nonprofessional investors
(Rennekamp 2012; Farrell, Grenier, and Leiby 2016). As recommended by Rennekamp (2012), I
prescreen M-Turk workers using a total of 10 multiple-choice questions on annual report
familiarity and investment knowledge to identify qualified nonprofessional investors (see
Appendix A). Workers have a time limit of five minutes to answer the prescreening questions; I
deem workers with at least seven correct answers as having an adequate level of financial
literacy to process information in annual reports. M-Turk participants who passed the
qualification test and completed my study in one sitting were paid $2.50.48
Of the participants, 58.2 percent were male and the average age was 36.3 years. On
average, participants had traded 16.3 times in the past two years in individual stocks or mutual
funds; participants had evaluated a company’s performance by analyzing its financial statements
an average of 16.9 times (including class projects). The average accounting-related work

48

The maximum time allowed to finish my study was an hour, and workers could not return to the study after it
expired. On average, the study took workers 17 minutes and 43 seconds. The payment of $2.50 equates to an hourly
rate of $8.47.
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experience was 23.5 months. Table 4. 1 presents participants’ demographics by experimental
condition. Sample statistics (untabulated) indicate no significant differences in participant
demographics across the four conditions.49
Table 4. 1
Participants’ Demographics by Conditions – Essay 3
Frequency or Mean (Standard Deviation)

Condition

Gender

Average
Age

Trade

Evaluate
Performance

Accounting Work
Experience

No Distortion
No Link

Male = 73
Female = 48

36.42
(10.79)

16.72
(44.69)

10.08
(16.97)

24.94
(51.09)

No Distortion
Link

Male = 42
Female = 33

36.29
(11.19)

14.45
(34.48)

9.77
(15.89)

22.76
(58.85)

Distortion
No Link

Male = 66
Female = 50

36.73
(11.25)

16.70
(38.12)

19.66
(53.62)

26.99
(58.16)

Distortion
Link

Male = 43
Female = 30

35.60
(10.15)

16.78
(59.82)

30.92
(130.05)

16.16
(31.71)

Trade = The number of times participants had traded in the past year in individual stocks or mutual funds.
Evaluate Performance = The number of times participants had evaluated a company’s performance (including
class projects) by analyzing its financial statements.
Accounting Work Experience = Participants’ accounting-related work experience in months.

49

A Chi-Square test on gender distribution demonstrates males and females are equally distributed among the four
conditions (χ2 = 0.471, df = 3, p = 0.925). One-way ANOVA test shows no significant group differences for age (F =
0.164, p = 0.920). One-way ANOVA analyses on investment-related experience measures show similar group
means for experiences in stock and mutual fund investments (F = 0.053, p = 0.984) and times in evaluating financial
performance (F = 1.955, p = 0.120). The one-way ANOVA test on accounting-related work experience in months
shows no evidence of significant group differences (F = 0.694, p = 0.556).
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4.3.2 Materials and Experimental Procedure
In order to test the hypotheses, this study employed a 2 x 2 between-participants design.
The first factor, the distortion of the presentations of summarized financial performance graphs,
is manipulated at two levels: (1) no distortion: current year’s financial performance indicators
(namely revenue, operating income, net earnings, and diluted earnings per share)50 are accurately
presented in bar charts with zero as the starting value; and (2) distorted: the minimum or starting
value on the scale of each bar chart is 75 percent of the maximum value (Pennington and Tuttle
2009), resulting in a 300 percent inflation in the contrasts among the bars. The second factor, the
links between summarized graphs and detailed sources, is manipulated at two levels: 1) no links
and 2) hyperlinks that connect each graph to its associated source information highlighted on the
income statement. The valence of the financial performance results is always positive for the
current year compared with the past four years, and current year’s financial performance
indicators are 10 percent higher than the average of the past four years (Pennington and Tuttle
2009).51
Case materials presented participants with information relating to a hypothetical company
from the retail industry – Kerala, Inc. They were asked to assume the role of investors making
investment judgments and decisions on the hypothetical company after reviewing the company’s
digital annual report. Participants were assigned to one of the four experimental conditions: (1)

The four financial performance indicators are selected based on Target’s 2016 digital annual report. Available at:
https://corporate.target.com/annual-reports/2016.
50

51

The negative valence condition is not investigated for the following reasons: (1) Distorted graphs for negative
valence not only reduce the contrasts among bars but also dwarf their total length. Readers may perceive the graphs
with short bars to be poorly designed and refuse to process the graphical information. (2) Prior literature of graphical
distortions on the Y-axis only investigates the positive valence condition (Arunachalam et al. 2002; Raschke and
Steinbart 2008; Pennington and Tuttle 2009). (3) The negative valence condition is commonly studied when the Xaxis is distorted due to year reversal (Arunachalam et al. 2002; Pennington and Tuttle 2009).
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accurately presented graphs without hyperlinks to the source income statement on a separate
page (no distortion / no link), (2) accurately presented graphs with hyperlinks to the source
income statement on a separate page (no distortion / link), (3) distorted graphs without
hyperlinks to the source income statement on a separate page (distortion / no link), and (4)
distorted graphs with hyperlinks to the source income statement on a separate page (distortion /
link).
Participants first answered some demographics questions, completed a qualification test
including five questions about their financial literacy and five questions about their knowledge of
the content of annual reports, and finished a survey about their initial preferences relating to
System 1 processing and System 2 processing (Sjöberg 2003; Hamilton, Shih, and Mohammed
2016). Next, participants were provided with background information about the company. After
they read the background information, participants in each experimental condition were directed
to the company’s 2017 digital annual report with buttons to access each of the following
sections: Company Overview, Financial Highlights, and Income Statement. Manipulations were
introduced only for the information in the Financial Highlights section. After browsing the
digital annual report, participants indicated their perceptions of the firm’s financial performance
in fiscal year 2017 on an 8-point Likert scale ranging from 1 to 8, with endpoints 1 = Very Weak
Performance and 8 = Very Strong Performance (Pennington and Tuttle 2009). They also
indicated their agreements on whether Kerala’s future earnings will be strong on an 11-point
Likert scale ranging from 0 to 10, with endpoints 0 = Strongly Disagree and 10 = Strongly Agree
(Tan, Wang, and Zhou 2014) and their likelihood of investing in the company’s stock and
recommending the stock to a friend on two 101-point Likert scales ranging from 0 to 100
(Rennekamp 2012). Next, participants answered two questions about their estimation of the time
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spent on reviewing the graphs and detailed financial statements. The two questions were
measured by two 11-point Likert scales ranging from 0 to 10 (endpoints 0 = Spent not Much
Time at all; 10 = Spent a Lot of Time).
In the post-experiment questionnaire, participants answered two questions that test both
the existence of the decision-biasing effect of distorted graphs and the debiasing effect of
hyperlinking sources. The questions required them to pick one line graph from two line graphs
(one is presented accurately and the other graph has the same degree of scale distortion as the
graphs in the experiment) that they perceived to most accurately reflect the data trend of the fiveyear performance results of the case company (Pennington and Tuttle 2009). The first question
asked the trend of net sales, and the second question asked the trend of diluted earnings per
share. Participants then completed a survey asking their preferences of System 1 processing and
System 2 processing when interacting with Kerala’s digital annual report. Survey questions for
their initial preferences were customized so that System 1 processing reflects participants’
preferences of using graphical financial performance information to form their decisions, and
System 2 processing represents their preferences of using income statement information for
decision-making. Within the survey, an attention check question was used to confirm that
participants sufficiently attended to the experiment task. The question asked participants to select
“Somewhat Disagree” in a survey item. Last, they played a “spot-the-differences” game that
captures their graphical pattern recognition abilities (Underwood et al. 2008). The full
experimental instrument is included in Appendix D.
4.3.3 Dependent Variables, Mediators, and Covariates
The main dependent variable of interest in this study is participants’ perceptions of the
firm’s financial performance (News Perception). Participants’ expectations of future earnings
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growth potential (Future Earnings), and a composite score that represents their likelihood of
investing in the stock and recommending the stock to a friend (Invest & Recommend)52 are two
additional dependent variables for the path model. The variables that represent participants’
selections of the graphs that best represent the data trend of the financial performance results for
net sales (Trend_Sales) and diluted EPS (Trend_EPS) are used as two categorical dependent
variables to provide initial evidence of the decision-biasing effect of distorted graphs.
The mediator, the overriding effect of System 2 processing on System 1 processing
(System 2 Overriding), is measured by pre- and post-measures of survey questions before and
after the manipulations. The pre-test scores are measured by 10 general questions about cognitive
processing styles: System 1 or System 2, and each style is measured by five 7-point Likert scale
questions, with endpoints 1 = Strongly Disagree and 7 = Strongly Agree. The pre-test scores for
System 1 processing and System 2 processing styles are then calculated as two composite scores
(hereafter: Pre-System 1 and Pre-System 2)53 by averaging participants’ responses to the five
questions on each processing style. Similarly, two composite scores are then calculated for the
post-test measures (hereafter: Post-System 1 and Post-System 2).54 The difference between PostSystem 1 and Pre-System 1 represents the strength of System 1 processing, and the difference
between Post-System 2 and Pre-System 2 represents the strength of System 2 processing. Finally,

The composite score, Invest & Recommend, takes the average of participants’ likelihood of investing in the stock
and recommending the stock to a friend. Cronbach’s Alpha of the two components is 0.931 (Nunnally 1978, 245),
indicating a highly scale reliability.
52

53

A multivariate analysis of variance (MANOVA) shows that neither Pre-System 1 nor Pre-System 2 is influenced
by the manipulated experimental factors (all p-values > 0.1).
54

Pre- and post- measures of System 1 processing and System 2 processing reveal high scale reliability on their own
constructs. The Cronbach’s Alpha scores for Pre-System 1, Pre-System 2, Post-System 1, and Post-System 2 are
0.887, 0.889, 0.776, and 0.804. They are all greater than the cut-off point of 0.7 (Nunnally 1978, 245). On a higher
level, the 10 survey questions for System 1 processing have a high scale reliability for the construct of intuitive
thinking (Cronbach’s Alpha = 0.852); respectively, the 10 survey questions for System 2 processing also
demonstrate a high scale reliability when representing analytical thinking (Cronbach’s Alpha = 0.843).
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the mediator, System 2 Overriding, is computed as a differential score by using the difference
between Post-System 2 and Pre-System 2 minus the difference between Post-System 1 and PreSystem 1.55
In addition to the dependent variables and mediators, potential covariates measured are
gender, age, investment experience, financial statement analyses experience, general work
experience, accounting work experience, graphical pattern recognition abilities, and frequency of
using social media, interacting with charts and tables, and playing video games.
4.4 Results
4.4.1 Manipulation Checks and the Decision-Biasing Effect of Graphical Distortions
The initial sample contains 471 participants. I excluded 86 (18.26%) participants who
were assigned to the two conditions with linked sources but did not click any links. 56 According
to Kelton and Murthy (2016), removal of these participants is necessary because the participants
self-select to not explore the hyperlinks and did not view the highlighted income statement
information. My final sample for testing the hypotheses consists of 385 participants.57
To provide initial evidence on the decision-biasing effect of graphical distortions, I
regress Trend_Sales and Trend_EPS on the two experimental factors. Untabulated logistic
regression results show that when the graphs are distorted, participants are more likely to believe

I validate the mediator, System 2 Overriding, by correlating it with the difference between participants’ perception
of time spent on viewing the income statement information (including the time spent on viewing linked income
statements when hyperlinks are available) and the graphical financial performance information. A Pearson
Correlation of 0.254 (p < 0.001) shows that a stronger System 2 Overriding is correlated with participants’ behavior
of spending more time viewing income statement information (i.e., System 2 processing) versus viewing the
graphical financial performance information (i.e., System 1 processing).
55

56

I analyze these participants in the additional analyses section to provide evidence that the debiasing effect of
linked source is absent when participants did not click any links.
57

In my sample, five participants (1.06%) failed the attention check question in the post-experiment questionnaire.
Because of the low failure rate in this attention check question, including them or excluding them from the sample
does not have qualitative effect on the results (i.e., exclusion does not affect conclusions). Therefore, I include them
in the sample for hypotheses testing.
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there is a drastic increase in the data trend for both sales (β = 2.746, p < 0.001, one-tailed) and
diluted EPS (β = 2.186, p < 0.001, one-tailed). The results confirm the significance of graphical
distortions in biasing participants’ decisions when processing financial performance graphs.
4.4.2 The Debiasing Effect of Linked Sources on Graphical Distortions – H1
H1 predicts that the decision-biasing effect of graphical distortions is attenuated when
hyperlinks are used by nonprofessional investors to navigate from the graphical financial
performance information to the source data in the income statement. Panel A of Table 4. 2
presents the cell sizes, means, and standard deviations across experimental conditions for News
Perception, Panel B presents the results of the ANOVA test, and Panel C presents the results of
the simple effect tests on the interaction term. To test the hypothesis, I conduct a two-way
analysis of variance (ANOVA) using News Perception as the dependent variable and graphical
distortion (Distortion) and the availability of hyperlinks (Link) as the two factors.58
Table 4. 2
The Effects of Distortion and Link on News Perception – H1
Panel A: Mean (Standard Deviation)
Link
Distortion
No Distortion

No Link
5.81
(1.11)
n=121

Link
6.03
(1.03)
n=75

Distortion

6.43
(1.11)
n=116

6.01
(1.17)
n=73

58

Row
Means
5.89
(1.08)
n=196
6.27
(1.15)
n=189
Grand
Mean

I included all the covariates in an ANCOVA model to control for other variables that may affect News Perception.
None of the covariates are statistically significant (all p-values > 0.1). Therefore, I proceed with the statistical
analyses using an ANOVA model.
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Table 4. 2 (Continued)
Column Means

6.11
(1.15)
n=237

6.02
(1.10)
n=148

6.08
(1.13)
n=385

df
1
1
1
381

MS
8.421
0.916
9.155
1.218

Standard
Error

p-value

Panel B: ANOVA Results
Source of
Variation
SS
Distortion
8.421
Link
0.916
Distortion*Link
9.155
Error
464.009
Panel C: Simple Effects Results
Mean
Simple Effects
Difference
The effect of
Distortion given No
Link (C3 - C1)

0.620

0.143

<0.001***

The effect of
Distortion given Link
(C4 - C2)

- 0.010

0.181

0.943

F
6.915
0.752
7.517

p-value
0.005***
0.386
0.003***

*significant at 0.10 **at 0.05 ***at 0.01 (one-tailed)
Distortion = 1 if the summarized financial performance graphs are subject to a 300% Y-axis distortion;
0 if the graphs are faithfully represented with a starting point of zero on the Y-axis.
Link = 1 if hyperlinks are available and utilized to navigate between summarized financial performance graphs
and related income statement information; 0 if hyperlinks are not available.
Conditions:
C1: No Distortion / No Link; C2: No Distortion / Link; C3: Distortion / No Link; C4: Distortion / Link.

The results show a main effect of Distortion (F = 6.915, p = 0.005, one-tailed) and its
interaction effect with Link (F = 7.517, p = 0.003, one-tailed). Further, two simple effect tests
demonstrate the pattern of the interaction effect. The effect of Distortion given No Link is
positive and significant (Mean Difference = 0.620, p < 0.001, one-tailed); in contrast, the effect
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of Distortion given Link is insignificant (Mean Difference = - 0.010, p = 0.943).59 Therefore, H1
is supported as the effect of graphical distortions is only present when hyperlinks are omitted, but
it is absent when hyperlinks are used by nonprofessional investors.60 A graphical summary of the
simple effects appears in Figure 4. 2.
7

News Perception

6.5

No Distortion

6

Distortion
5.5

5
No Link

Link

Dependent Variable:
News Perception: Represents participants’ perceptions of Kerala’s financial performance news (an 8-point Likert
scale ranging from 1 to 8, with endpoints 1 = Very Weak Performance and 8 = Very Strong Performance).
Experimental Conditions:
Distortion: the summarized financial performance graphs are subject to a 300% Y-axis distortion.
No Distortion: the graphs are faithfully represented with a starting point of zero on the Y-axis.
Link: hyperlinks are available and utilized to navigate between summarized financial performance graphs
and related income statement information.
No Link: hyperlinks are not available.

Figure 4. 2 Simple Effect Results Plot of H1
59

Alternative untabulated simple effect tests on the effects of linked sources given graphical distortions demonstrate
similar findings. First, Link has a significant effect given Distortion (Mean Difference = - 0.420, p = 0.012). Second,
Link is insignificant given No Distortion (Mean Difference = 0.220, p = 0.182). In sum, alternative simple effect
tests show that linking graphs to respective sources is effective as it debiases distorted graphs and efficient as it does
not send a false alarm when graphs are not distorted.
60

Simple effect results are qualitatively similar when replacing News Perception with either Future Earnings or
Invest & Recommend. The effects of Distortion given No Link are significant for both Future Earnings (Mean
Difference = 0.650, p = 0.001, one-tailed) and Invest & Recommend (Mean Difference = 7.248, p = 0.005, onetailed). The effects of Distortion given Link is insignificant for either Future Earnings (Mean Difference = - 0.120, p
= 0.634) or Invest & Recommend (Mean Difference = 0.022, p = 0.995).
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4.4.3 The Overriding Effect of System 2 Processing – H2a and H2b
To test the mediation effect predicted in H2a and H2b, I conduct path analyses with the
mediator: System 2 Overriding, which captures the cognitive reactions to distorted graphs and
linked sources. News Perception is the dependent variable capturing nonprofessional investors’
impressions of the financial performance news; Future Earnings and Invest & Recommend are
two dependent variables that capture nonprofessional investors’ investment-related judgments
and decisions. To test the debiasing effect of linked sources, Distortion is the grouping variable
that separates the path model into two diagrams representing the situations with or without
graphical distortions.
Following Hair et al. (1998), I investigate several model fit indices to make sure the path
model has a good fit. First, the minimum discrepancy divided by degrees of freedom is below the
cut-off point of 3.00 (χ2/df = 0.561), and the comparative fit index (CFI) of 1.000 exceeds the
cut-off point of 0.90 (Hu and Bentler 1999). Second, the root-mean-square error of
approximation (RMSEA) is < 0.001, and the standardized root-mean-square residual (SRMR) is
0.018, representing a good fit (Browne and Cudeck 1993). Table 4. 3 presents the correlation
matrix of the path model and Figure 4. 3 presents the path diagrams that test H2a and H2b.
Table 4. 3
Correlation Matrix of the Path model for Essay 3
Mean

St.
Dev

1

1. Distortion

0.490

0.501

1

2. Link

0.380

0.487

0.004

1

3. System 2 Overriding

6.080

1.127

-0.015

0.080*

1

4. News Perception

7.030

1.597

0.167***

-0.040

-0.066*

1

5. Future Earnings

-0.282

0.937

0.111***

-0.052

-0.083*

0.627***

1

6. Invest & Recommend

60.261

21.602

0.103**

-0.025

-0.031

0.527***

0.740***

2

3

*, **, *** Indicate one-tailed significance at less than 0.10, 0.05, and 0.01
levels, respectively.
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4

5

6

1

Table 4. 3 (Continued)
Distortion = 1 if the summarized financial performance graphs are subject to a 300% Y-axis distortion;
0 if the graphs are faithfully represented with a starting point of zero on the Y-axis.
Link = 1 if hyperlinks are available and utilized to navigate between summarized financial performance graphs
and related income statement information; 0 if hyperlinks are not available.
System 2 Overriding = A difference score that is calculated by participants’ strength of System 2 processing minus
System 1 processing in the experimental task.
News Perception = Represents participants’ perceptions of Kerala’s financial performance news.
Future Earnings = Represents Participants’ indicated future earnings growth potential for Kerala.
Invest & Recommend = A composite score by taking the average of participants’ likelihood of invest in Kerala’s
stock and their likelihood of recommend a friend to invest in the firm’s stock.

The path model provides support for the mediation effect hypothesized in H2a and H2b.
H2a predicts a main effect that Link positively induces System 2 Overriding regardless of
graphical distortions.61 The path diagrams show significant positive effects from Link to System 2
Overriding when graphs are distorted (Path Coefficient = 0.079, p = 0.042, one-tailed) and when
they are not distorted (Path Coefficient = 0.096, p = 0.042, one-tailed). H2b predicts a debiasing
effect that System 2 Overriding reduces News Perception only when graphs are distorted. The
path diagrams show a negative and marginally significant effect from System 2 Overriding to
News Perception when graphs are distorted (Path Coefficient = - 0.107, p = 0.066, one-tailed),
but the effect becomes insignificant when graphs are not distorted (Path Coefficient = - 0.014, p
= 0.842). Thus, the effect from Link to News Perception is mediated through System 2
Overriding only when graphs are distorted. Last, for both path diagrams, News Perception has
positive impacts on both Future Earnings and Invest & Recommend (all p-values < 0.001, onetailed).

61

To test this main effect, I constrain the unstandardized path coefficients from Link to System 2 Overriding to be
the same for the situations with our without graphical distortions. A Chi-Square likelihood ratio test between the
constrained model and the relaxed model (i.e., without constraining the path coefficients) shows that constraining
the path coefficients is preferable and does not significantly change model fit indices (Chi-Square Difference =
0.317, p = 0.573).
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Panel A: with Graphical Distortion
Future
Earnings
0.577***
Link

0.079**

System 2
Overriding

- 0.107*

News
Perception
0.484***

- 0.173***

Invest &
Recommend

Panel B: No Graphical Distortion
Future
Earnings
0.665***
Link

0.096**

System 2
Overriding

- 0.014

News
Perception
0.558***

0.100

Invest &
Recommend

*, **, *** Indicate one-tailed significance at less than 0.10, 0.05, and 0.01 levels, respectively.
Distortion (grouping variable) = 1 if the summarized financial performance graphs are subject to a 300% Y-axis
distortion; 0 if the graphs are faithfully represented with a starting point of zero on the Y-axis.
Link = 1 if hyperlinks are available and utilized to navigate between summarized financial performance graphs
and related income statement information; 0 if hyperlinks are not available.
System 2 Overriding = A difference score that is calculated by participants’ strength of System 2 processing minus
System 1 processing in the experimental task.
News Perception = Represents participants’ perceptions of Kerala’s financial performance news.
Future Earnings = Represents Participants’ indicated future earnings growth potential for Kerala.
Invest & Recommend = A composite score by taking the average of participants’ likelihood of invest in Kerala’s
stock and their likelihood of recommend a friend to invest in the firm’s stock.
Solid (dotted) lines represent significant (insignificant) standardized path coefficients.

Figure 4. 3 Path Diagrams for H2a and H2b

In sum, hyperlinking summarized financial graphs to income statement information has a
debiasing effect through the overriding effect of System 2 processing on System 1 processing.
As a result, nonprofessional investors reduce their reliance on distorted graphs and adjust their
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perceptions about the firm’s performance and their confidence in investment-related judgments
and decisions.
4.4.4 Additional Analyses
I first rule out an alternative explanation that the debiasing effect of linked sources still
exists for participants who did not use the links; those participants only saw the icons of the links
but did not access them to view detailed financial statement information. As previously
mentioned, 86 participants (41 in the No Distortion / Link condition and 45 in the Distortion /
Link condition) were excluded for hypotheses testing purposes because they did not use the
hyperlinks. I expect that the debiasing effect of hyperlinks should be weak or even absent for the
86 participants. I first construct a subsample where 148 participants who used hyperlinks are
excluded, and 86 participants who did not use hyperlinks are added to the sample and treated as
the “linked” conditions. Untabulated ANOVA analyses indicate a significant main effect of
Distortion (F = 19.556, p < 0.001, one-tailed) with an insignificant interaction effect of
Distortion*Link (F = 0.002, p = 0.962).
I next examine whether those who did not use the links had similar behavioral outcomes
as those who had no access to the links. I construct another sample that starts from the sample of
385 participants in the main analyses and adds the 86 participants who did not use hyperlinks as
equivalent to those in the “no link” conditions. Untabulated ANOVA analyses show findings
consistent with those in H1 where a significant Distortion*Link interaction term (F = 8.286, p =
0.002, one-tailed) was found. Therefore, I conclude that the decision-biasing effect of graphical
distortions is mitigated as long as nonprofessional investors use hyperlinks to view the related
income statement information, but the effect is not mitigated when hyperlinks are not available
or when they are available but not used by nonprofessional investors.
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4.5 Discussion and Conclusion
In this essay, I examine whether linking summarized financial performance graphs in a
digital annual report to the detailed source financial statement information mitigates the decisionbiasing effect of distorted graphs. I also examine whether this debiasing effect is mediated
through the overriding effect of nonprofessional investors’ System 2 processing on System 1
processing. Consistent with theoretical predictions, I first find that the decision-biasing effect of
distorted graphs on nonprofessional investors is eliminated when hyperlinks are used by
participants to connect the summarized financial performance graphs to the respective detailed
(source) information in financial statements. Second, I find that the overriding effect of System 2
processing from linked sources explains the underlying mechanism. That is, hyperlinks induce
nonprofessional investors’ System 2 processing and attenuate the decision-biasing effect of
distorted graphs on System 1 processing.
The results of this essay contribute to accounting literature, practice, and regulators. First,
the findings connect the two bodies of literature: distorted graphs and hyperlinks by documenting
that hyperlinking summarized financial performance graphs with data in financial statements
reduces the impact of graphical distortions. Essentially, hyperlinks can be treated as debiasing
tools that have the potential to mitigate the effects of graphical distortions. Second, it encourages
nonprofessional investors to use hyperlinks when searching investment-related information on
digital annual reports, and the debiasing effect is only realizable when those hyperlinks are used
to access information sources. Finally and more importantly, the findings of the essay support the
SEC’s policy direction of increasing the usage of hyperlinks in financial disclosures to protect
investors. Using distorted financial graphs as the research setting, the study provides empirical
evidence that hyperlinks are one viable mechanism of implementing the SEC’s (2008) guidance
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on alerting investors’ about the underlying detailed financial statement information as they
review summarized financial performance graphs on firms’ website disclosures.
The results of this essay should be interpreted considering its limitations, which provide
opportunities for future research. First, I only examine graphical distortions on the Y-axis for
positive financial performance information. To increase the generalizability of the findings,
future research can examine other types of graphical distortions such as distortions on the X-axis
with year reversals or varying the valence of the financial performance information. Second, in
this essay I only investigate the use of hyperlinks as the debiasing mechanism to counteract the
effect of graphical distortions. Future research can study other debiasing mechanisms, such as
text alerts alongside the graphs. Third, the linked sources of this essay represent the same
underlying income statement information, and the only difference is the presentation format of
the information. Future research can study whether hyperlinks are used to connect multiple types
of information on the annual report including information on the management discussion and
analysis (MD&A) section, non-financial information, or third-party information.
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Chapter 5.

Dissertation Conclusion

5.1 Summary of the Three Essays
The first essay, Are Investors Swayed by Vivid Graphical Presentations of Positive and
Negative News in Digital Annual Reports?, introduces the digital annual report platform and
investigates a strategic disclosure question on whether managers present financial performance
graphs vividly to strengthen positive news and soften negative news. The results show that when
the financial performance news is positive, managers can achieve this impression management
goal by presenting graphs vividly, and investors perceive the news to be more positive. In
contrast, when the news is negative, managers cannot soften the news using vivid graphical
presentations, and nonprofessional investors do not perceive negative news to be less negative.
This essay paves the way for future studies to examine impression management issues on the
digital annual report platform.
The second essay, Can Vivid and Interactive Displays of Non-Financial Information
Counteract the Effect of Financial Information in Digital Annual Reports?, examines a special
situation where a counteracting effect exists between financial and non-financial news: financial
performance outcomes are negative, but non-financial indicators are positive. The essay
investigates whether presenting positive non-financial indicators with interactive functions or
vivid graphs has a stronger counteracting effect on negative financial performance outcomes.
The results show that user interactivity increases the counteracting effect only when graphs are
vivid, but it is ineffective when graphs are pallid. Applying the theoretical model of user
engagement (Steuer 1992), mediation analyses show further evidence that user interactivity
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reduces user engagement and indirectly reduces the counteracting effect of positive non-financial
indicators, but its interaction effect with graphical vividness directly enhances the counteracting
effect. This essay introduces the theory of user engagement to the accounting literature and
connects the literature streams of static presentations and interactive presentations by examining
the joint effect of user interactivity and graphical vividness.
The third essay, Can Visualizations Linked to Source Financial Information Mitigate the
Effect of Distorted Graphs?, investigates whether using hyperlinks that connect financial
performance graphs with the respective detailed (source) financial statement information reduces
the effect of graphical distortions. The results show that the decision-biasing effect of distorted
graphs is eliminated when nonprofessional investors use hyperlinks to access source information.
The dual-process theory of cognitive processing (Kahneman and Frederick 2002; Evans 2006,
2008) explains this debasing effect as the use of hyperlinks enhances the overriding effect of
System 2 processing on System 1 processing and reduces nonprofessional investors’ reliance on
distorted graphs. This essay provides a new solution to graphical distortions in digital annual
reports – linking graphs to source information. This solution is easy to implement on websites
and aligns with the SEC’s policy guidance on using hyperlinks to reduce investors’ confusions.
5.2 Future Research
My three-essay dissertation paves the way for future research on the digital annual report
platform. For example, the lack of standardization in digital annual reports confuses
nonprofessional investors and biases their investment-related judgments and decisions. My threeessay dissertation uses real-world examples and demonstrates that management has the ability to
manipulate the design of digital annual reports to achieve the goal of impression management.
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Such design choices include changing user interactivity, presenting graphs vividly, and distorting
graphical presentations. Potential research questions in this research area includes:
1. What are the benefits and costs of standardizing the presentation formats on digital
annual reports?
2. Given that firms within the same industry have discretion in the presentation formats
they use, is it beneficial for each industry to come up with an industry-level reporting
guidance to reduce investor confusion?
3. What is external auditors’ role in providing assurance on the quality of digital annual
reports? What audit procedures could be employed when examining digital annual
reports?
Another research area is to provide design suggestions to improve the quality of digital
annual reports. My dissertation essay 3 is an example of this type of research, and linking graphs
to respective sources is a suggestion to eliminate the biases of graphical distortions. In contrast,
my dissertation essay 1 and 2 focus on demonstrating the behavioral effects of design choices
(e.g., user interactivity and graphical vividness), but neither of the essays provide normative
solutions. Potential research questions in this research area includes:
4. What is the best way to design interactive menus for digital annual reports? Which
sections benefit more from interactivity (e.g., corporate overview, summarized
financial performance results, and corporate social responsibility highlights)?
Respectively, what are the sections that investors prefer static presentations (e.g.,
CEO letter, financial statements, and proxy statements)?

110

5. If third-party information is also presented in digital annual reports, what is the best
approach to alert investors that third-party sources may not be reliable and subject to
a greater level of bias?
Finally yet importantly, my three-essay dissertation focuses on the behavioral effects of
graphical presentations. Future research can study other behavioral issues such as investors’
perceptions of other presentation formats, cognitive processes when management selectively
presents favorable information, and preferences regarding the design of digital annual reports.
Potential research questions in this research area includes:
6. How do multimedia presentations impact investors’ judgments and decisions when
using digital annual reports? Are multimedia elements (e.g., video and sound)
informative or distracting to investors?
7. If management selectively presents favorable information on digital annual reports,
how large is the effect of availability bias on investors? Do investors seek additional
information to confirm the information presented in digital annual reports?
8. Do different investors have different preferences on the design of digital annual
reports? Do more (less) experienced investors prefer a digital annual report to be
designed in an old-fashioned (modern) manner?
5.3 Conclusion
To conclude, my three-essay dissertation investigates a new research area (i.e., digital
annual reports), introduces a new theory to the accounting literature (i.e., the theory of user
engagement), and suggests a new solution to a decision-biasing problem (i.e., the debiasing
effect of hyperlinks on graphical distortions). The dissertation contributes to both academics,
practice, and standard setters. For academics, the dissertation motivates new studies in multiple
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domains such as impression managements, nonprofessional investors’ judgments and decisions,
and graphical presentations. For practice, the dissertation informs nonprofessional investors of
their investment-related judgments and decisions when processing information from digital
annual reports. It also informs managements and designers of digital annual reports that their
design choices may have unintended outcomes to investors, especially when the financial
performance results are negative. For standard setters, my dissertation suggests that regulators
should focus on investigating specific presentation formats on digital annual reports such as
interactive presentations, vivid graphs, and distorted graphs. More importantly, the empirical
evidence in my dissertation proposes suggestions on updating the SEC’s (2008) guidance on
website disclosures.
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